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COMPARISON  OF  BUILDING  LOADS  ANALYSIS  AND 
SYSTEM  THERMODYNAMICS  (BLAST)  COMPUTER  PROGRAM 
SIMULATIONS  AND  MEASURED  ENERGY  USE  FOR  ARMY  BUILDINGS 


1  INTRODUCTION 


Background 


The  Building  Loads  Analysis  and  System  Thermodynamics  (BLAST)  computer 
program  predicts  hourly  space  heating  and  cooling  requirements,  simulates 
hourly  fan  system  performance,  and  simulates  hourly  performance  of  conven¬ 
tional  heating  and  cooling,  solar  energy,  or  total  energy  systems  for  new  and 
existing  buildings.!  The  program  has  been  field  tested  and  was  released  for 
general  use  in  December  1977.  The  BLAST  program  is  considerably  more  power¬ 
ful,  accurate,  and  provides  more  Information  to  the  designer  than  hand  calcu¬ 
lation  methods.  Consequently,  It  Is  now  widely  used  by  the  Army,  Department 
of  Defense,  other  Federal  agencies,  and  private  architect/engineers  in  the 
United  States,  Europe,  and  Canada  to  determine  both  expected  energy  use  in  new 
and  existing  buildings,  and  to  help  optimize  building  and  energy  system 
design. 

Although  extensive  BLAST  field  tests  have  proved  the  program  to  be  accu¬ 
rate  and  usable,  a  study  comparing  BLAST  simulation  results  to  measured  field 
data  was  considered  desirable.  Such  a  study  could  Identify  weaknesses  in  the 
BLAST  program  and  help  define  Important  building  parameter  Inputs.  Therefore, 
the  U.S.  Army  Construction  Engineering  Research  Laboratory  (CERL)  was  asked  to 
analyze  and  compare  actual  measured  data  against  BLAST-predicted  energy  con¬ 
sumption  for  two  Army  buildings  in  an  attempt  to  verify  the  prediction  capa¬ 
bilities  of  the  BLAST  program. 


Objective 


The  objective  of  this  report  is  to  compare  the  results  of  BLAST  simula¬ 
tions  with  measured  building  energy  consumption  data. 


Approach 


The  following  approach  was  used  to  perform  this  comparative  study: 

1.  Two  Army  buildings  were  selected  from  among  some  100  Army  buildings 
participating  In  an  energy  monitoring  project  designed  to  measure  actual, 
onsite  energy-use  and  climate  data. 


1  D.  C.  Hlttle,  The  Building  Loads  Analysis  and  System  Thermodynamics  (BLAST) 
Program,  Version  2.0,  Users  Manual,  Vols  I  and  I 1 ,  Technical  Report  (TR)  E- 
'53/Al?A07Z27z  and  ADA072Z73b;  and  E.  Sowell,  The  Building  Loads  Analysis  and 
System  Thermodynamics  (BLAST)  Program  Input  Booklet,  TR  E-154/aDa07Z435 
(U.S.  Army  Construction  Engineering  Research  Laboratory  [CERL],  June  1979). 


7 


..  ,N  f 


2.  l? tailed  data  concerning  the  bu’Pd'r^s’  ce.igt!  and  operator.  includ¬ 
ing  construction  drawings,  heating,  ventilating,  and  air-conditioning  (HVAC) 
system  information,  occupancy  use  profiles,  lighting  and  equipment  usage, 
etc.,  were  obtained  by  onsite  visits,  surveys,  and  measurement. 

3.  A  BLAST  input  deck  was  credited  (01  tai-.i  uU  i  1  di  r;y. 

4.  Hourly  weather  data  and  concur,  ent  detailed  building  energy-use  data 
were  obtained  from  onsite  instruments  for  a  short  period  (about  1  month). 

5.  BLAST  simulations  were  performed  using  onsite  weather  data  and  com¬ 
parisons  were  made  between  predicted  energy  use  and  actual  energy  use  for  the 
selected  buildings. 

6.  Results  were  analyzed  to  determine  the  extent  of  agreement  between 
the  BLAST  simulation  and  measured  energy  use  and  to  determine  the  cause  of  any 
disagreements. 

7.  Building  boundary  energy-use  data  for  the  two  buildings  and  weather 
data  for  the  National  Weather  Service  observation  site  closest  to  each  build¬ 
ing  were  obtained  for  a  time  period  of  several  months. 

8.  BLAST  simulations  were  performed  for  the  longer  time  period.  Compar¬ 
isons  were  made  between  the  predicted  and  actual  energy  use  for  each  building. 


Scope 


The  results  of  Steps  1  throuqh  6  in  the  approach  section  above  are 
described  in  CERL  Interim  Report  E-161.2  This  report  summarizes  those  results 
and  describes  the  work  performed  in  Steps  7  and  8. 


Mode  of  Technology  Transfer 

The  results  of  this  work  will  be  referenced  in  a  future  version  of  the 
Energy  Conservative  Design  Guide. 


2  D.  Herron,  L.  Winding! and,  and  D.  Hittle,  Comparison  of  Building  Loads 
Analysis  and  System  Thermodynamics  (BLAST)  Computer  Program  Simulations  and 
Measured  Energy  Use  for  Army  Buildings,  Interim  Report  (IR)  £-l61/ADA0855?3 
TCTERU,’  May'1980T. - 
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2  DISCUSSION 


Energy  Conservative  Design  Rationale 

Energy  efficiency  is  one  of  the  major  considerations  in  the  design  of  new 
facilities.  Prescriptive  standards  for  new  facility  designs  such  as  those 
given  in  the  American  Society  of  Heating,  Refrigeration,  and  Air  Conditioning 
Engineers  (ASHRAE)  Standard  90-75  and  the  Department  of  Defense  Criteria 
Manual  4270. 1-M  specify  the  types  of  materials,  minimum  insulation  levels, 
amount  and  types  of  glass,  type  of  HVAC  systems,  system  operation  and  control 
schedules,  etc.  which  may  help  ensure  that  a  facility  will  be  energy  conserva¬ 
tive  in  a  certain  climate.  While  these  standards  ensure  a  relatively  energy 
efficient  design,  they  severely  restrict  the  design  options  available  to 
architects  and  engineers. 3 

To  circumvent  this  problem,  the  Department  of  the  Army  uses  the  design 
energy  budget  procedure,  which  assigns  a  maximum  yearly  design  energy  consump¬ 
tion  rate,  on  a  square  foot  basis,  to  each  facility  type  (e.g.,  office,  store) 
according  to  climatic  2ones.3 4  The  actual  facility  design  must  be  shown  to 
consume  no  more  than  the  amount  of  energy  specified  in  the  design  energy 
budget  for  that  facility  type  and  climatic  region.  This  allows  for  much  flex¬ 
ibility  in  the  design,  provided  the  target  design  energy  budget  can  be  met. 

Design  Energy  Budgets 

Design  energy  budgets  are  determined  for  various  facility  types  from  com¬ 
puter  simulations  using  energy  analysis  programs  such  as  BLAST  and  by  analyz¬ 
ing  actual  energy-use  data.  Design  energy  budgets  are  determined  by  fixing 
the  construction  details  of  the  buildings  at  the  levels  specified  by  the 
prescriptive  standards  as  discussed  above,  and  by  fixing  the  building  operat¬ 
ing  parameters  (occupancy,  thermostat  settings,  etc.)  at  typical  levels.  Com¬ 
pliance  of  an  actual  design  is  shown  by  computer  simulation  of  the  facility 
using  the  actual  construction  details  and  assuming  the  same  set  of  typical 
building  operating  parameters. 

While  the  design  energy  budget  procedure  ensures  that  the  design  of  a 
facility  is  energy  efficient,  it  cannot  predict  the  actual  energy  consumption 
of  a  facility  after  It  is  built  and  in  operation.  This  is  because  a  facil¬ 
ity's  actual  energy  consumption  Is  determined  by  many  factors  beyond  the  con¬ 
trol  of  the  designer.  For  example,  the  quality  of  the  construction,  the 
effects  building  occupants  have  on  lighting  levels,  infiltration,  thermostat 
settings,  and  the  actual  performance  of  the  HVAC  system  and  its  controls  can 
significantly  Impact  energy  consumption.  Thus,  the  energy  budget  computed  for 
a  facility  is  only  an  indication  of  what  a  facility's  energy  consumption  would 
be  If  it  were  constructed  as  designed,  and  operated  according  to  the  energy 
conservative  operating  rules  used  in  the  budget  procedure.  Generally,  the 

3  Energy  Conservation  in  New  Building  Design,  ASHRAE  Standard  90-75  (American 
Society  of  Heating,  Refrigeration,  and  Air  Conditioning  Engineers  [ASHRAE], 
1975);  and  POD  Construction  Criteria  Manual  4270. 1-M  (Department  of  Defense 
[DOD],  Office  of  the  Assistant  Secretary  of  Defense,  1  October  1972). 

4  Interim  Energy  Budgets  for  New  Facilities,  Engineer  Technical  Letter  (ETL) 
1110-3-309  (Department  of  the  Army,  30  August  1979). 
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energy  budget  procedure  indicates  the  best  energy  performance  that  the  facil¬ 
ity  could  have;  it  is  the  target  energy  performance  that  building  operators 
should  try  to  achieve. 

Energy  Analysis  Computer  Programs 

Energy  analysis  computer  programs,  such  as  BLAST,  were  developed  to  help 
designers  create  energy  efficient  buildings.  These  programs  let  designers 
evaluate  design  options  for  new  and  retrofit  facilities  by  giving  designers  a 
way  to  rank  design  alternatives  according  to  their  relative  energy  savings. 

For  these  kinds  of  analyses,  energy  consumption  factors  beyond  the  designer's 
control,  such  as  construction  quality  and  occupant  behavior,  are  not  critical, 
since  they  do  not  affect  how  alternatives  are  ranked.  Therefore,  the  energy 
efficient  building  operating  rules  used  in  these  analyses  can  provide  energy- 
use  data  that  are  useful  for  budget  comparisons. 

Such  energy  performance  analyses  indicate  the  optimum  energy  performance 
a  facility  could  have  for  the  climate  used  in  the  simulation.  The  facility’s 
actual  energy  performance  will  agree  with  this  prediction  only  if  the  actual 
weather  conditions  match  those  used  in  the  simulation,  and  if the  building  is 
operated  in  the  manner  assumed  in  the  simulation. 

If,  for  validation  purposes,  the  predictions  from  an  energy  analysis  pro¬ 
gram  such  as  BLAST  are  to  be  compared  to  the  long-term,  actual  energy  consump¬ 
tion  data  of  a  facility,  precise  data  about  the  building’s  actual  operation 
and  energy  use  must  be  obtained  by  intensive  monitoring  and  energy-use  sur¬ 
veys.  To  do  this,  accurate  data  describing  the  building's  occupancy  level, 
lights  and  equipment  use,  thermostat  settings,  and  mechanical  system  opera¬ 
tion,  as  well  as  actual  weather  data  for  the  desired  period,  must  be  avail¬ 
able.  Actual  energy-use  data  on  each  of  the  facility's  major  components  must 
also  be  collected,  so  energy-use  comparisons  can  be  made  at  the  individual 
component  level.  Enough  information  about  a  building  must  be  collected  to 
ensure  that  when  predicted  and  actual  data  are  compared,  the  cause  of  any 
disagreement  can  be  identified  as  an  error  in  either  the  BLAST  input  deck  for 
the  building  or  the  BLAST  simulation  algorithms. 


Building  Selection 


From  1976  to  1978,  the  Fixed  Facilities  Energy  Consumption  Investigation 
(FFECI),  an  Army-sponsored  energy  monitoring  project,  measured  hourly  building 
boundary  energy  consumption  data  for  more  than  100  Army  buildings  at  different 
installations  throughout  the  continental  United  States.  Hourly  climatic  data. 
Including  ambient  temperature,  dew  point  temperature,  wind  speed,  wind  direc¬ 
tion,  barometric  pressure,  and  solar  radiation  were  also  collected  using 
appropriate  sensors,  electronic  interface  devices,  and  recorder  systems. 5 


5  L.  M.  Windingland  and  B.  J.  Sliwinski,  fixed  Facilities  Energy  Consumption 
Investigation  --  Initial  Energy  Data,  IR  E-120/ADAO51O74  (CERL,  January 
19/8);  L.  Windingland,  B.  Sliwinski,  and  A.  Mech,  facilities  Energy 

Consumption  Investigation  Data  Users  Manual ,  IR  E-127/ADA0527O8  (CERL, 
February  1978);  and  8.  Sliwinski ,  D.  Leverenz,  and  L.  Windingland,  Fixed  Fa- 
cilities  Energy  Consumption  Investigation  --  Data  Analysis,  IR  E- 
143/ADA066513  (CERL,  February  1979). 
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However,  only  a  few  of  these  100  buildings  were  monitored  closely  enough  to 
allow  their  individual  energy  use,  including  heating  and  cooling  requirements, 
to  be  identified.  TF'was  from  among  the  buildings  with  measurable  individual 
data  that  CERL  selected  two  representative  Army  buildings  for  the  BLAST 
prediction/comparison  study. 

The  first  building  selected  was  a  single-story,  18-chair  dental  clinic 
with  laboratory  at  Fort  Hood,  TX.  Figures  1  and  2  show  the  floor  plan  and 
typical  wall,  roof,  and  floor  sections  of  the  dental  clinic,  respectively. 

The  clinic  was  built  In  1968  and  has  a  gross  area  of  9384  sq  ft  (872  m2).  It 

is  constructed  of  block  and  brick  and  uses  a  steel  truss  roof  system  and 

built-up  roof.  It  has  an  exterior  wall  area  of  4050  sq  ft  (376  m2),  of  which 

about  340  sq  ft  (32  m2)  are  windows  or  glass  doors.  The  clinic  is  served  by  a 

multizone  air-handling  system  with  10  zones.  A  reciprocating  chiller  and 
air-cooled  condenser  package  (60-ton  capacity)  supply  the  chilled  water  to  the 
multizone  system,  and  a  gas-fired  hot  water  boiler  is  used  for  heating.  The 
clinic's  hourly  total  electrical  consumption,  which  includes  the  electrical 
consumption  of  the  building's  lights,  dental  equipment,  HVAC  equipment, 
chiller  package,  and  the  hourly  total  natural  gas  usage  Is  being  metered  under 
the  FFECI  project. 

The  second  building  chosen  was  a  battalion  headquarters  and  classroom 
building  built  in  1974  at  Fort  Carson,  CO.  This  one-story  structure  has  a 
ground  floor  area  of  18,907  sq  ft  (1757  m2)  and  a  basement  area  of  3330  sq  ft 
(310  m2).  The  building  is  259  ft  (79  m)  long,  73  ft  (24  m)  wide,  and  has  an 
exterior  wall  area  of  8235  sq  ft  (765  m2),  of  which  933  sq  ft  (87  m2)  are  win¬ 
dows  and  glass  doors.  Figure  3  shows  the  building's  floor  plan.  Figure  4 
shows  typical  wall,  roof,  and  floor  sections.  The  building  core  is  served  by 
a  seven-zone  multizone  air-handling  system  which  receives  its  hot  and  chilled 
water  from  a  remote  central  boiler/chiller  plant.  The  wings  at  each  end  and 
the  basement  are  served  by  single  zone  heating  systems  which  also  receive 
their  hot  water  from  the  remote  central  plant.  FFECI  data  being  measured  for 
this  building  include  hourly  total  hot  and  chilled  water  energy  supplied  from 
the  central  plant  and  the  hourly  total  electrical  consumption,  including 
building  lights,  office  equipment,  and  HVAC  equipment. 


Construction  Drawings 


The  as-built  construction  drawings  for  each  of  the  buildings  selected  for 
analysis  were  obtained  from  each  installation's  Facilities  Engineer  and  veri¬ 
fied  in  the  field.  These  drawings  included  floor  plans,  architectural  details 
(Including  wall,  roof,  and  floor  construction  details),  electrical  plans, 
mechanical  plans,  equipment  lists  and  schedules,  and  HVAC  control  diagrams. 


Building  and  HVAt  System  Data 

A  field  survey  and  onsite  measurements  of  system  parameters  were  neces¬ 
sary  to  prepare  accurate  Input  for  the  BLAST  program.  A  contractor,  Yandell 
and  Hiller,  Inc.,  Fort  Worth,  TX,  collected  these  additional  field  data  for 
CERL;  the  contractor’s  data  collection  activities  were  divided  into  three 
tasks: 
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Figure  1.  Dental  clinic  floor  plan. 


—  1 1/2"  SLAB 
|—  V8"  FELT 
p  STEEL  DECK 
r  AIR  SPACE 
r  3  INSULATIO* 


ACOUSTIC  TILE 


Figure  2.  Dental  clinic  wall,  floor,  and  ceiling  detail 


Figure  3.  Battalion  headquarters  and  classroom  building  floor  plan. 


1.  Task  1  —  Familiarization  With  Buildings.  The  contractor  reviewed 
building  drawings  and  made  onsite  visits  to  verify  as-built  drawings  against 
the  actual  building.  Particular  emphasis  was  placed  on  building  modifica¬ 
tions;  installed  equipment  capacities;  verification  of  actual  wall,  roof, 
floor,  and  celling  construction  materials;  equipment  control  strategies;  and 
operating  procedures. 

2.  Task  2  --  Building  Survey.  The  contractor  prepared  and  distributed 
an  occupancy  questionnaire  which  was  analyzed  to  determine  the  building's 
occupancy  profile  ( 1  -e . ,  the  number  of  occupants  in  the  building,  when  they 
went  to  lunch,  and  when  they  left  for  the  day).  The  contractor  also  observed 
the  operation  of  the  building,  recording  for  short  periods  the  number  of  times 
doors  were  opened,  exhaust  fan  operation,  and  other  parameters  so  an  estimate 
could  be  made  of  the  building's  air  infiltration.  In  addition,  the  contractor 
determined  the  capacities  of  Installed  mechanical  equipment  and  obtained 
manufacturer's  specifications  or  data  sheets  for  each  piece  of  equipment  In 
the  building,  including  air-handling  unit  fans,  heating  and  cooling  colls, 
boilers  and  chillers,  unit  heaters,  water  heaters,  exhaust  fans,  and  HVAC  sys¬ 
tem  controls. 

3.  Task  3  —  Data  Monitoring.  The  contractor  measured  outside  air  quan¬ 
tities,  return  air  quantities,  total  supply  air  flow,  the  supply  air  flow  to 
each  zone  in  the  building,  and  air  temperatures  of  both  the  hot  and  cold 
decks.  In  addition,  each  building's  fan  operating  periods  and  full-load  con¬ 
sumption  were  determined.  Temporary  electrical  measuring  devices  were 
installed  so  the  energy  use  of  the  heating  and  cooling  systems'  components 
could  be  separated  from  the  remaining  electrical  energy  used  within  the  build¬ 
ing.  The  contractor  also  installed  temporary  recording  devices  to  monitor  the 
detailed  energy  performance  of  one  zone  in  each  building.  Building  HVAC  sys¬ 
tem  controls  were  checked  to  determine  the  actual  sequence  of  operation  and, 
where  possible,  controller  set  point  and  throttling  ranges.  Table  1  lists  the 
items  surveyed,  method  of  monitoring,  and  frequency  and  duration  of  monitor¬ 
ing. 


The  data  listed  in  Table  1  were  continuously  recorded  for  the  dental 
clinic  at  Fort  Hood  between  24  June  and  26  July  1978.  Data  for  the  battalion 
headquarters  and  classroom  building  at  Fort  Carson  were  recorded  between  4 
August  and  6  September  1978. 


Computer  Simulation  for  the  Short  Time  Period 

BLAST  input  decks  were  prepared  to  simulate  both  the  dental  clinic  and 
the  battalion  headquarters  and  classroom  building  using  data  from  field  sur¬ 
veys,  contractor  measurements,  and  as-built  drawings.  Using  actual  onsite 
weather  data,  each  building  was  simulated  for  the  1-month  period  when  detailed 
energy  use  information  was  available.  To  ensure  the  independent  integrity  of 
the  BLAST  simulation,  the  FFECI  energy-use  data  were  not  Inspected  before  or 
during  BLAST  input  preparation. 
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BLAST  Validation  Data 


Comparison  of  Actual  and  Simulated  Results  for  the  Short  Time  Period 


After  the  BLAST  simulations  were  completed,  the  actual  energy-use  data 
were  inspected  for  the  1-month  period  for  which  the  simulations  were  per¬ 
formed.  Simulated  and  measured  total  consumption  data  were  then  compared  for 
the  total  period  and  on  an  hourly  basis  to  determine  the  agreement  between 
BLAST-predicted  and  measured  energy-use  data.  The  hourly  energy  data  for  each 
building  component  were  examined  to  ensure  that  cancelling  errors  did  not 
result  in  unusually  close  agreement  in  total  energy  use  for  the  simulation 
period.  A  statistical  analyis  was  performed  on  the  variances  between  the 
BLAST  simulation  and  the  actual  energy  use. 


Computer  Simulation  for  the  Long  Time  Period 


The  BLAST  simulations  were  repeated  for  each  building  for  a  period  of 
several  months  using  weather  data  obtained  from  the  National  Weather  Service 
for  the  location  closest  to  each  building.  For  these  periods,  actual  energy 
data  included  only  the  hourly  building  boundary  energy  consumption  information 
available  from  the  Army’s  energy  monitoring  project. 


Comparison  of  Actual  and  Simulated  Results  for  the  Long  Time  Period 


3  ANALYSES  AND  FINDINGS  —  DENTAL  CLINIC 


BLAST  Input  Deck 


The  dental  clinic  was  divided  Into  10  simulation  zones.  Each  simulation 
zone  corresponded  to  a  zone  served  by  the  clinic's  multi zone  air-handling  unit 
(Figure  1).  Zone  geometries  and  construction  details  of  the  walls,  roof,  and 
floor  were  determined  from  the  construction  drawings.  The  crawl  space  was  also 
simulated  to  accurately  model  heat  transfer  through  the  floor. 

The  internal  electrical  peak  load  and  daily  internal  electrical  load  pro¬ 
file  (which  included  building  lights  and  dental  equipment)  was  determined  by 
analyzing  contractor-supplied  measured  data  (Figure  5).  Peak  electrical 
demand  for  each  zone  was  estimated  from  a  disaggregation  of  the  peak  internal 
building  electrical  demand,  based  on  the  distribution  of  lights  and  equipment 
within  the  building  as  determined  by  a  building  survey.  The  building's  occu¬ 
pancy  profile  (Figure  6),  zone  peak  occupancy  (based  on  building-use  pat¬ 
terns),  and  zone  thermostat  settings  and  control  profiles  were  determined  from 
contractor- supplied  data. 

Specific  information  about  the  HVAC  system  was  obtained  from  control 
diagrams,  control  specifications,  and  measured  or  observed  data.  Design  cool¬ 
ing  coil  parameters  were  obtained  from  the  construction  drawings.  Design  data 
for  the  water  chiller  package  were  obtained  from  manufacturers'  catalogs  for 
the  specific  unit  installed  in  the  building;  the  chiller  part-load  curve  was 
determined  from  measured  data  (Figure  7).  The  peak  electrical  demands  of  the 
chiller,  condenser,  and  HVAC  fans  were  determined  by  contractor-supplied  meas¬ 
ured  data.  HVAC  system  air  volume  flow  rates  were  also  supplied  by  the  con¬ 
tractor. 

The  BLAST  input  deck  for  the  dental  clinic  is  in  Appendix  A.  Table  2 
summarizes  the  fan  system  input  parameters. 


Computer  Simulation  —  Short  Time  Period 

Actual  weather  data  from  Fort  Hood,  TX  were  available  from  the  Army's 
energy  monitoring  project  for  the  period  1  June  through  6  July,  1978.  Actual 
weather  data  were  not  available  for  the  period  6  to  26  July  1978  because  of  an 
instrumentation  malfunction. 

A  BLAST  simulation  was  performed  for  the  dental  clinic  for  the  period  1 
June  through  6  July.  The  simulation  predicted  the  hourly  total,  internal 
building,  fan,  and  chiller  electrical  consumption.  Because  the  clinic's  hot 
water  supply  pump  was  disabled  during  the  simulation  period,  BLAST  simulated 
the  hot  water  boiler  as  being  turned  off;  thus,  no  gas  consumption  was 
predicted. 


Comparison  of  Data  —  Short  Time  Period 

For  the  period  1  June  to  6  July  1978,  hourly  data  on  the  building's  total 
electrical  consumption  were  available  from  the  Army's  energy  monitoring 
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Figure  5.  Dental  clinic  internal  electric  load  profile  (weekdays  only) 
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Figure  6.  Dental  clinic  occupancy  profile  (weekdays  only) 
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Figure  7.  Dental  clinic  chiller  package  part-load  power  consumption. 


Fan  System  Parameters  --  Dental  Clinic 


Type  system  =  multi  zone 
System  operation  =  continuous 

Seasonal  Component  Schedules 

Heating  coil  on:  1  January;  off:  31  December 
Cooling  coll  on:  1  January;  off:  31  December 

Mixed  air  control  =  fixed  amount 
Fixed  outside  air  volume  =  1.942  m3/s 

Hot  deck  control  =  outside  air  control 
Hot  deck  throttling  range  =  4.0°C 

Hot  deck  control  schedule  =  (48.89  at  -12.11,  26.67  at  21.11)°C 

Heating  coil  capacity  =  1000  kW 
Heating  coll  energy  supply  *  hot  water 

Cold  deck  control  =  fixed  set  point 
Cold  deck  throttling  range  =  2.77°C 
Cold  deck  fixed  temperature  =  15.550C 


Zone 

Zone 

Zone 

Supply 

Exhaust 

Number 

Air  Volume  (m3/s) 

Air  Volume  (m3/s) 

1 

0.842 

0.4719 

2 

0.1916 

0.0 

3 

0.9486 

0.0 

4 

0.3592 

0.2832 

5 

0.2369 

0.0 

6 

0.3931 

0.0 

7 

0.4172 

0.0 

8 

0.3912 

0.0 

9 

1.060 

0.0 

10 

0.9934 

0.0 

Total  design  supply  air  volume  =  5.883  m3/s 


project;  hourly  (Table  3  and  Figure  8)  and  total  (Table  3)  consumption  compar¬ 
isons  between  measured  and  predicted  total  electrical  consumption  were  made. 
For  the  period  25  June  to  1  July  1978,  hourly  electrical  data  for  the 
building's  Internal  and  chiller  electrical  consumption  were  also  available; 
hourly  (Table  3  and  Figure  9)  and  total  (Table  3)  comparisons  were  made 
between  these  measured  and  predicted  data. 

The  comparison  results  in  Table  3  show  that  BLAST-predicted  total  build¬ 
ing  electrical  consumption  is  12.1  percent  higher  than  the  measured  total 
building  electrical  consumption.  The  correlation  coefficient  for  the  measured 
vs  predicted  data  is  0.87.  Figure  8  shows  a  plot  of  predicted  and  measured 
total  electrical  consumption  for  the  week  of  25  June  to  1  July  1978. 

To  determine  why  measured  and  predicted  total  electrical  consumption  data 
disagreed,  individual  electrical  load  components  were  analyzed.  Results  for 
internal  building  and  chiller  package  electrical  consumption  are  shown  in 
Table  3.  A  plot  of  predicted  vs  actual  chiller  electrical  consumption  data 
for  the  week  of  25  June  to  1  July  1978  is  shown  in  Figure  9. 

The  results  of  the  detailed  analyses  of  the  internal  building  electrical 
consumption  prediction  indicate  that  the  profile  predicts  a  consumption  within 
10  percent  of  the  measured  data  and  has  a  correlation  coefficient  of  0.90. 

The  results  also  indicate  that  the  internal  building  electrical  consumption 
profile  consistently  overpredicts  the  electrical  consumption. 

The  results  of  the  detailed  analyses  of  the  chiller  package  electrical 
consumption  prediction  indicate  agreement  within  10  percent  of  the  measured 
data;  the  correlation  coefficient  is  0.79.  The  chiller  input  predicts  the  low 
part-load  operation  almost  exactly,  but  consistently  overpredicts  during  the 
high  part-load  operating  conditions  of  the  chiller  package  (Figure  9). 


Computer  Simulation—  Long  Time  Period 

While  the  short-term  simulation  was  indicative  of  the  accuracy  of  the 
dental  clinic  simulation  model,  comparison  for  a  longer  time  period,  including 
both  the  heating  and  cooling  season,  was  desirable.  Because  the  typical  BLAST 
user  does  not  have  access  to  actual  onsite  weather  for  his  or  her  simulation, 
it  was  decided  to  use  weather  data  from  the  closest  National  Weather  Service 
recording  station  —  Waco,  TX.  Continuous  energy  data  were  available  from  the 
Army's  energy  monitoring  project  for  the  period  15  March  to  31  July  1980. 
Weather  data  were  obtained  for  Waco,  TX  for  that  period,  and  using  the  dental 
clinic  input  deck  (as  described  above)  a  BLAST  simulation  was  performed.  The 
simulation  predicted  the  hourly  total  electrical  consumption.  It  included  the 
electrical  consumption  from  building  lights,  dental  equipment,  HVAC  equipment, 
the  packaged  chiller,  and  the  hourly  total  gas  consumption. 


Table  3 


Dental  Clinic  Comparison  —  Short  Time  Period 
Electrical  Data  Comparison 


Total  Building  Electrical 

Measured 

IkWjO 

Predicted 

(kWh) 

1  June  0000  to  6  July  0900 

44,687 

50,091 

Internal  Building  Electrical 

25  June  0000  to  1800 

and 

26  June  0700  to  1  July  0900 

2345 

2581 

Chiller  Electrical 

25  June  0000  to  1800 

and 

26  June  0200  to  1  July  0900 

4597 

5308 

Statistics  (hourly)* 

Total  Bldg 

Internal  Bldg 

Chiller 

R** 

0.87 

0.90 

0.79 

DIFFAV  (kW) 

-5.87 

-1.12 

-1.25 

DIFFVAR 

55.90 

39.20 

6.26 

D IFF STD 

7.43 

4.36 

6.26 

PERAVE 

-15.76 

-46.03 

-2.79 

PERVAR 

620.75 

17,135.00 

327.14 

PERSTD 

24.91 

130.90 

18.09 

OABSAVE  (kW) 

7.30 

3.44 

4.97 

DABSVAR 

36.29 

8.37 

15.91 

DABSSTD 

6.02 

2.89 

3.99 

*  See  Appendix  C  for  definition  of  statistics 
♦♦Correlation  coefficient 


%  Difference 
-12.1 

-10.1 

-9.6 
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Comparison  of  Data  —  Long  Time  Period 

After  the  simulation  was  completed,  energy  data  from  the  Army's  energy 
monitoring  project  were  examined  for  the  same  time  period.  This  analysis 
revealed  a  skewness  of  up  to  several  hours  in  portions  of  the  data.  These 
hourly  data  were  recorded  by  the  energy  monitoring  project  in  about  2-week 
intervals,  but  the  skewness  could  not  be  evaluated  in  each  2-week  data  period 
because  of  the  data  collection  procedure.  Thus,  comparisons  of  predicted  vs 
measured  data  were  deemed  valid  only  for  intervals  of  2  weeks  or  longer. 

Hourly  or  daily  comparisons  could  not  be  made.  Predicted  vs  measured  total 
electrical  consumption  data  for  the  period  15  March  to  31  July  1980  is  in 
Table  4.  Comparison  results  show  that  BLAST-predicted  total  building  electri¬ 
cal  consumption  for  the  entire  simulation  period:  the  predicted  electrical 
consumption  is  consistently  too  high  throughout  the  simulation  period.  These 
results  agree  with  the  results  of  the  short-term  simulation  of  the  dental 
clinic. 

Predicted  vs  measured  total  gas  consumption  for  the  period  15  March  to  31 
July  1980  is  in  Table  5.  BLAST-predicted  total  building  gas  consumption  is 
11.7  percent  lower  than  measured  total  building  gas  consumption  for  the  entire 
simulation  period.  As  the  results  for  the  comparisons  by  2-week  intervals 
show,  the  predicted  gas  consumption  is  too  low  during  the  spring  months  and 
too  high  during  the  summer  months.  This  indicates  that  the  part-load  opera¬ 
tion  of  the  boiler  is  not  as  simulated  by  BLAST.  The  default  part-load  curve, 
which  was  used  to  model  the  clinic's  boiler,  appears  to  underpredict  the 
boiler's  gas  consumption  at  high  part-load  operation,  and  overpredict  the 
boiler's  gas  consumption  at  low  part-load  operation. 

Table  4 

Dental  Clinic  Simulation  —  Long  Time  Period 
Electrical  Data  Comparison 


Total  Building  Electrical 

Measured 

(kWh) 

Predicted 

(kWh) 

%  Difference 

15  March  to  31  July 

175,738 

194,390 

10.61 

15  March  to  31  March 

10,661 

20,620 

-93.42 

01  April  to  15  April 

15,944 

18,270 

-14.59 

16  April  to  30  April 

17,818 

18,580 

-4.28 

01  May  to  15  May 

22 ,000 

19,389 

+11.87 

15  May  to  31  May 

21,170 

21,871 

-3.31 

01  June  to  15  June 

20,911 

21,429 

-2.48 

16  June  to  30  June 

20,638 

24,520 

-18.81 

01  July  to  15  July 

22,094 

24,316 

-10.06 

16  July  to  31  July 

24,502 

25,393 

-3.64 
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Table  5 


Dental  Clinic  Simulation  --  Long  Time  Period 
Gas  Data  Comparison 


Total  Building  Gas 

Measured 

(kWh) 

Predicted 

(kWh) 

%  Difference 

15  March  to  31  July 

82,515 

72,851 

+11.71% 

15  March  to  31  March 

11,501 

14,650 

-27.38% 

01  April  to  15  April 

18,593 

12,085 

+35.00% 

16  April  to  30  April 

13,420 

11,322 

+15.63% 

01  May  to  15  May 

13,450 

10,067 

+25.15% 

16  May  to  31  May 

11,316 

7,823 

+30.87% 

01  June  to  15  June 

5,129 

5,451 

-6.28% 

16  June  to  30  June 

3,071 

3,760 

-22.44% 

01  July  to  15  July 

2,658 

3,467 

-30.44% 

16  July  to  31  July 

3,376 

3,956 

-17.18% 

Summary 

BLAST  predicted  the  energy  performance  of  the  dental  clinic  to  within  10 
to  12  percent.  Because  the  energy  consumption  of  the  dental  clinic  is  dom¬ 
inated  by  the  energy  consumption  of  the  HVAC  equipment,  these  results  indicate 
that  BLAST  is  accurately  modeling  the  performance  of  the  multi  zone  fan  system 
and  the  chiller  package.  Even  in  the  complicated  case  where  the  multi  zone 
system  is  supplied  with  both  heating  and  cooling,  BLAST  predicts  the  total 
energy  consumption  to  within  12  percent. 

The  load  profile  used  to  predict  internal  building  electrical  loads  could 
be  revised  to  improve  the  accuracy  of  the  BLAST  prediction.  Analysis  of  the 
measured  internal  electrical  consumption  data,  however,  indicates  that  the 
baseline  internal  building  electrical  consumption  for  nights  and  weekends 
fluctuates  irregularly.  Thus,  it  would  be  very  difficult  to  accurately 
predict  a  single  profile  for  the  clinic's  internal  electrical  consumption. 
Because  of  the  size  of  the  facility,  even  small  fluctuations  in  this  demand 
can  cause  relatively  large  errors  in  predicted  vs  measured  data. 

Improvements  could  be  made  in  the  input  used  to  describe  the  dental 
clinic's  chiller  package  performance.  The  default  full-load  power  ratio 
adjustment  curve  as  input  to  the  BLAST  program  could  be  revised  to  more  accu¬ 
rately  reflect  actual  chiller  operation;  also,  the  part-load  ratio  curve  could 


26 


be  modified  at  the  higher  load  conditions  to  more  accurately  reflect  actual 
consumption.  {It  would  be  difficult  to  accurately  determine  these  parameters, 
since  the  system  did  not  operate  at  full  load  during  the  simulation/monitoring 
period.) 

The  actual  part-load  ratio  curve  for  the  boiler  could  be  included  in  the 
input  to  more  accurately  reflect  the  boiler's  operation.  Determination  of 
this  curve  would  require  detailed  measurements  of  the  boiler  operation. 

(These  measurements  could  not  be  made  during  the  detailed  monitoring  period, 
since  the  hot  water  supply  pump  was  out  of  service.) 

Other  revisions  could  be  made  to  the  simulation  input  deck  to  achieve 
more  accurate  predictions;  if  exact  input  information  is  available,  BLAST 
should  be  able  to  accurately  predict  the  building's  energy  consumption. 
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4  ANALYSES  AND  FINDINGS  —  BATTALION  HEADQUARTERS  AND  CLASSROOM  BUILDING 


BLAST  Input  Deck 

The  first  floor  of  the  battalion  headquarters  and  classroom  building  was 
divided  into  nine  simulation  zones.  These  simulation  zones  corresponded  to 
the  seven  zones  served  by  the  building's  multizone  air  handler  and  the  two 
zones  served  by  the  building's  unit  heaters  (Figure  3).  The  basement  floor  of 
the  facility  was  modeled  as  a  single  zone  served  by  a  single  zone  draw- through 
system  (as  shown  in  the  as-built  drawings).  Zone  geometries  and  construction 
details  of  the  walls,  roof,  floors,  and  ceiling  were  determined  from  the  con¬ 
struction  drawings.  The  electrical  load  profiles  for  the  building  and  the 
peak  building  internal  electrical  demand  were  determined  by  analyzing  data 
supplied  by  the  contractor  (Figure  10).  Peak  electrical  demand  for  each  zone 
was  estimated  from  a  disaggregation  of  the  peak  internal  building  electrical 
demand.  Building  occupancy  was  determined  from  occupant  questionnaires.  The 
occupancy  profile  for  the  building  was  estimated  by  the  contractor  (Figure 
11).  Zone  peak  occupancy  (estimated  from  building  use  patterns),  zone  ther¬ 
mostat  settings,  and  control  profiles  were  determined  from  the  contractor- 
supplied  data. 

Information  about  the  fan  system  was  obtained  from  construction  drawings, 
the  HVAC  control  diagrams,  control  specifications,  and  contractor-measured 
data.  Because  this  facility  is  supplied  by  a  large  central  boiler/chiller 
plant  which  serves  many  buildings,  a  mechanical  plant  was  not  simulated. 

The  basement  HVAC  system  operation  could  not  be  simulated  exactly.  In 
the  actual  system,  the  fan  runs  only  when  the  outside  air  dry-bulb  temperature 
is  below  25.56°C.  In  the  BLAST  simulation,  the  fan  runs  whenever  there  is  a 
demand  for  heating.  Thus,  the  BLAST  model  probably  simulates  the  system  for 
more  hours  than  the  actual  system  operates. 

The  BLAST  input  deck  for  the  battalion  headquarters  and  classroom  build¬ 
ing  is  in  Appendix  B. 


Computer  Simulation  —  Short  Time  Period 


Actual  weather  data  were  obtained  from  the  Army's  energy  monitoring  pro¬ 
ject  for  the  period  1  August  to  6  September  1978  and  a  BLAST  simulation  of  the 
battalion  headquarters  and  classroom  building  was  performed  for  this  period. 
The  hourly  data  available  from  the  simulation  included  total  building  boun¬ 
dary,  and  Internal  building  and  fan  system  electrical  consumption.  BLAST  also 
predicted  the  building's  hourly  hot  and  chilled  water  consumption. 


Comparison  of  Data  --  Short  Time  Period 

The  results  of  the  BLAST  simulation  are  in  Table  6.  The  prediction  for 
total  building  electrical  consumption  for  the  entire  simulation  period  is  5.2 
percent  lower  than  the  measured  total  building  electrical  consumption.  The 
correlation  coefficient  for  the  week  of  6  to  12  August  1978  is  0.93. 
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Figure  10.  Battalion  headquarters  and  classroom  building  internal  load  profile 

WEEKDAYS  AND  WEEKENDS 


Figure  11.  Battalion  headquarters  and  classroom  building  occupancy  profile. 
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Table  6 


Battalion  Headquarters  Simulation  --  Short  Time  Period 
Electrical  Data  Comparison 


Measured 

Predicted 

Total  Building  Electrical 

(kWh) 

(kWh) 

%  Difference 

1  August  to  6  September  1978 

20,952.9 

19,910 

+5.24 

Statistics  (hourly)* 
for  6  to  12  August  1978 

Total 

Building 

Electrical 

R** 

0.93 

DIFFFAVE  (kWh) 

-0.89 

D IFF VAR 

5.06 

D IFF STD 

2.25 

PERAVE 

-1.16 

PERVAR 

78.71 

PERSTD 

8.87 

DABSAVE 

1.561 

DABSVAR 

2.619 

DABSSTD 

1.618 

*  See  Appendix  C  for  definition  of  statistics 
♦♦Correlation  coefficient 


Computer  Simulation  —  Long  Time  Period 

While  the  short-term  simulation  was  indicative  of  the  accuracy  of  the 
battalion  headquarters  and  classroom  building  simulation  model,  comparison  for 
a  longer  time  period,  including  both  the  heating  and  cooling  season,  was 
desirable.  Because  the  typical  BLAST  user  does  not  have  access  to  actual 
onsite  weather  data  for  his/her  simulation,  it  was  decided  to  use  weather  data 
from  the  closest  National  Weather  Service  recording  station  —  Colorado 
Springs,  CO.  Energy  data  were  available  from  the  Army's  energy  monitoring 
project  for  the  periods  6  December  79  to  8  April  1980  and  23  Apr  to  15  June 
1980.  (No  data  were  available  for  the  period  9  to  22  April  1980  because  of  an 
instrumentation  failure.)  Weather  data  were  obtained  for  Colorado  Springs,  CO 
for  the  period  6  December  1979  to  15  June  1980,  and  using  the  battalion  head¬ 
quarters  input  deck,  a  BLAST  simulation  was  performed  for  this  period.  The 
simulation  predicted  the  hourly  total  electrical  consumption,  which  included 
the  building's  Internal  and  fan  system  electrical  consumption,  and  the  hourly 
hot  and  chilled  water  consumption  for  the  building. 
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Comparison  of  Data  --  Long  Time  Perfod 

After  the  simulation  was  completed  and  the  energy  data  from  the  Army's 
energy  monitoring  project  were  examined  for  the  same  time  period,  several 
problems  were  Identified.  The  measured  data  were  to  have  Included  hourly 
building  boundary  electrical,  hot  water,  and  chilled  water  consumption  data. 
(The  hot  and  chilled  water  consumption  was  determined  by  measuring  the  supply 
and  return  temperatures  and  the  mass  flow  rate  of  the  water.)  But  because  the 
temperature  instrumentation  for  the  chilled  water  consumption  measurement 
failed,  no  data  were  available  for  chilled  water  consumption  for  the  entire 
period.  However,  as  determined  by  a  building  survey,  the  chilled  water  supply 
pump  for  the  building  was  shut  off  during  the  entire  simulation  period;  thus, 
no  chilled  water  was  used  by  the  battalion  headquarters  during  the  simulation 
period. 

Analysis  of  the  measured  hot  water  data  revealed  that  the  building's  hot 
water  energy  consumption  was  measured  inaccurately.  During  the  heating  sea¬ 
son,  the  hot  water  mass  flow  rate  to  the  building  should  be  more  or  less  con¬ 
stant.  But  as  Figure  12  shows,  the  measured  hot  water  mass  flow  rate  varied 
sporadically  during  the  heating  season.  Figure  13  shows  that  the  hot  water 
supply  temperature  varied  during  the  same  period.  These  variations  caused  the 
measured  hot  water  energy  consumption  to  be  less  than  the  actual  consumption. 
Because  the  hot  water  supply  temperature  is  reset  according  to  the  outside  air 
dry-bulb  temperature,  it  is  difficult  to  determine  the  magnitude  of  the  error 
in  the  measured  data.  However,  analysis  of  the  data  for  the  6th,  7th,  and  8th 
of  January  1980  shows  that  the  measured  data  underaccounts  for  the  hot  water 
energy  consumption  by  20  to  30  percent. 

Analysis  of  the  measured  electrical  consumption  data  revealed  a  skewness 
in  the  hourly  data.  Hourly  data  were  collected  by  the  monitoring  project  in 
about  2-week  intervals;  several  hours  skewness  was  identified  in  some  of  these 
intervals.  The  skewness  could  not  be  evaluated  in  other  2-week  periods 
because  of  the  data  collection  procedure.  Because  of  this  skewness,  only  com¬ 
parisons  of  predicted  vs  measured  data  for  the  total  2-week  periods  were 
deemed  valid.  Hourly  or  daily  comparisons  could  not  be  made. 

Predicted  vs  measured  building  boundary  electrical  consumption  is  in 
Table  7.  Comparison  results  show  that  for  the  total  simulation  period,  the 
predicted  electrical  consumption  is  10.4  percent  higher  than  the  measured 
electrical  consumption.  As  the  comparison  for  the  2-week  intervals  shows,  the 
predicted  electrical  consumption  is  consistently  too  high.  Since  detailed 
measurements  of  electrical  consumption  data  were  not  available,  it  was  diffi¬ 
cult  to  analyze  the  potential  errors  in  the  simulation.  Two  possible  sources 
of  error  were  (l)a  change  in  the  building's  use  pattern,  which  would  make  the 
internal  electrical  profile  incorrect,  and  (2)  the  Incorrect  simulation  of  the 
basement  fan  system.  Either  of  these  errors  could  have  caused  BLAST  to  over¬ 
predict  the  building's  electrical  consumption. 

Predicted  vs  measured  building  boundary  hot  water  consumption  is  in  Table 
8.  The  comparison  shows  that  for  the  total  simulation  period,  the  predicted 
hot  water  consumption  Is  48.7  higher  than  the  measured  hot  water  consumption. 
Because  detailed  measurements  of  hot  water  consumption  for  each  individual  fan 
system  were  not  available,  it  was  difficult  to  determine  the  cause  of  this 
error.  A  large  percentage  of  this  error  (20  to  30  percent)  could  be  the 
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result  of  Inaccurate  measured  data.  As  the  2-week  data  in  Table  8  show, 
agreement  is  much  worse  in  the  May  to  June  period.  This  is  probably  caused  by 
the  inaccurate  simulation  of  the  basement  fan  system.  Thermostat  settings  in 
the  building  that  differed  from  those  simulated  and  a  multizone  HVAC  system 
that  operated  differently  from  the  one  simulated  could  have  also  caused 
disagreement. 


Summary 


BLAST  predicted  the  electrical  energy  consumption  of  the  battalion  head¬ 
quarters  and  classroom  building  to  within  10  percent,  but  the  BLAST  input  deck 
could  be  revised  to  make  its  predictions  more  reliable.  Because  the  build¬ 
ing's  electrical  consumption  is  dominated  by  its  internal  consumption,  a  more 
accurate  internal  electrical  consumption  profile  could  be  developed.  Since 
the  building  is  a  battalion  headquarters,  however,  it  is  occupied  by  a  small 
staff  at  night  and  on  weekends.  Analysis  of  the  measured  data  has  shown  that 
night  and  weekend  electrical  consumption  is  a  direct  function  of  the  efforts 
the  night  and  weekend  staff  make  toward  energy  conservation.  Because  of  the 
facility's  size,  this  effect  has  a  significant  impact  on  the  total  electrical 
consumption  and  makes  the  determination  of  a  single  internal  electrical  pro¬ 
file  for  a  long  time  period  very  difficult. 

Revisions  could  be  made  to  the  fan  system  input  deck  to  more  accurately 
reflect  the  fan  system's  electrical  consumption,  but  it  is  probably  impossible 
to  significantly  improve  the  accuracy  of  the  BLAST  fan  system  electrical  pred¬ 
iction  without  revising  BLAST'S  simulation  capabilities  to  allow  for  an  exact 
simulation  of  the  basement  fan  system. 

The  agreement  between  BLAST-predicted  and  measured  hot  water  consumption 
for  this  building  was  very  poor  (49  percent).  Analysis  of  the  measured  data 
reveals  that  a  significant  fraction  of  that  error  could  be  the  result  of  inac¬ 
curate  measurement.  Thus,  it  is  impossible  to  determine  exactly  what  revi¬ 
sions  (if  any)  are  needed  in  the  BLAST  input  deck. 
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Table  7 


Battalion  Headquarters  and  Classroom  Building  Simulation  —  Long  Time 
Period  Electrical  Data  Comparison 


Total  Electrical  Consumption 

Measured 

(kWh) 

Predicted 

(kWh) 

t  Difference 

6  December  1979  to  8  April  1980 
and  23  April  to  22  July  1980 

104,651 

115,485 

10.4 

16  to  31  December  1979 

8.041 

10,190 

26.7 

1  to  15  January  1980 

8,797 

9,648 

9.7 

16  to  31  January  1980 

9,689 

10,483 

8.2 

1  to  15  February  1980 

9,163 

9,789 

6.8 

16  to  29  February  1980 

8,379 

8,961 

7.0 

1  to  15  March  1980 

8,192 

9,648 

17.8 

16  to  31  March  1980 

9,713 

10,342 

6.5 

1  March  to  15  May  1980 

9,683 

10,135 

4.7 

16  March  to  31  May  1980 

9,195 

9,791 

6.5 

1  to  15  June  1980 

8,443 

9,544 

13.0 

Table  8 

Battalion  Headquarters  and  Classroom  Building  Simulation 
Long  Time  Period  Hot  Water  Data  Comparison 


Total  Hot  Water  Consumption 

Measured 

(kWh) 

Predicted 

(kWh) 

%  Difference 

6  December  1979  to  8  April  1980 
and  23  April  to  22  July  1980 

737,997 

1,097,859 

48.7 

16  to  31  December  79 

83,517 

115,118 

37.8 

1  to  15  January  1980 

71,292 

108,411 

52.1 

16  to  31  January  1980 

84,375 

138,574 

64.2 

1  to  15  February  1980 

67,522 

110,286 

63.3 

16  to  29  February  1980 

66,827 

88,233 

32.0 

1  to  15  March  1980 

70,979 

96,297 

35.7 

16  to  31  March  1980 

81 ,059 

107,995 

33.2 

1  to  15  May  1980 

43,993 

75,900 

72.5 

16  to  31  May  1980 

28,730 

62,170 

116.4 

1  to  15  June  1980 

21,586 

39,856 

84.6 
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5  GENERAL  RESULTS 


The  analyses  described  in  Chapters  3  and  4  indicate  that  it  is  very  dif¬ 
ficult  to  compare  predicted  energy-use  data  obtained  from  an  energy  analysis 
computer  program  with  measured  energy-use  data.  As  discussed  in  Chapter  2,  a 
building's  actual  energy  use  is  partially  determined  by  factors  which  cannot 
be  accurately  described  to  a  computer  analysis  program.  For  example,  the 
occupant  effects  on  lighting  use,  window  and  door  openings,  and  thermostat 
settings  are  highly  variable  over  a  long  time  period  and  cannot  be  defined  for 
a  building  without  extensive  monitoring.  The  actual  operation  of  the  HVAC 
control  system  over  a  long  time  period  is  also  very  difficult  to  determine. 

As  the  analyses  in  this  report  illustrate,  obtaining  consistent  and  reli¬ 
able  building  boundary  energy-use  data  is  also  difficult,  especially  if  it  is 
necessary  to  measure  hot  and  chilled  water  energy  use.  Building  boundary 
energy  data  are  sufficient  only  for  determining  if  the  computer  program's 
total  energy  predictions  are  correct.  To  determine  the  accuracy  of  each  por¬ 
tion  of  the  simulation,  detailed  measurements  of  each  building  component's 
operation  and  energy  use,  Including  occupant  effects,  must  be  made.  Outside 
of  a  controlled  laboratory  environment,  these  measurements  are  extremely  dif¬ 
ficult. 

Within  these  constraints,  the  agreement  between  the  BLAST-predicted  and 
measured  energy  use  for  the  two  buildings  analyzed  during  this  study  is  very 
good.  BLAST  predicted  the  total  energy  consumption  of  the  dental  clinic 
(Including  electricity  and  gas  consumption)  to  within  10  to  12  percent  and  the 
electrical  energy  consumption  of  the  battalion  headquarters  and  classroom 
building  to  within  10  percent  when  accurate  simulation  models  were  used.  How¬ 
ever,  this  agreement  can  be  Improved  only  if  an  extensive  monitoring  effort 
was  undertaken  for  each  building. 
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6  CONCLUSIONS 


1.  To  compare  actual  building  energy  use  with  energy  use  predicted  by  an 
energy  analysis  computer  program  such  as  BLAST,  accurate,  concurrent  hourly 
measurements  of  weather  data,  energy-use  data,  occupancy-dependent  parameters, 
and  equipment  operating  parameters  must  be  obtained.  These  data  are  typically 
very  difficult  to  collect  outside  a  laboratory  environment. 

2.  Within  the  constraints  of  available,  accurate  measured  data  for  the 
typical  Army  buildings  analyzed  in  this  study,  the  BLAST  energy  analysis  com¬ 
puter  program  can  successfully  predict  building  boundary  energy  consumption, 
including  both  electrical  and  gas  consumption,  to  within  10  to  12  percent  when 
accurate  input  is  made  to  the  program. 

3.  BLAST  can  accurately  predict  electrical  consumption  of  a  chiller 
package  for  the  typical  Army  buildings  analyzed  in  this  study.  The  chiller's 
predicted  vs  actual  curve  (Figure  13)  confirms  the  validity  of  modeling  cool¬ 
ing  components  on  an  hourly  time  step.  The  chiller  simulation  actually  models 
the  average  performance  of  the  component  over  the  hour,  while  the  real  chiller 
cycles  during  a  much  smaller  time  step.  The  predicted  and  actual  curves  show 
BLAST'S  modeling  validity  and  its  sensitivity  to  changes  in  the  part-load 
ratios  and  full-load  power  of  a  chiller  package. 

4.  When  an  energy  analysis  program  such  as  BLAST  is  used  to  evaluate 
design  alternatives,  most  of  the  hard-to-define  effects  of  building  occupants 
on  building  energy  use  are  constant  and  therefore  relatively  unimportant. 

When  the  program  is  used  to  predict  the  actual  energy  performance  of  a  build¬ 
ing,  values  for  building  geometry,  materials,  schedules,  controls,  and  HVAC 
systems  must  be  precise  and  consistent  and  the  effects  of  occupants  on  the 
building's  energy  use  must  be  carefully  described  to  the  program. 
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DENTAL  CLINIC  SIMULATION  MODEL 


Dental  Clinic  Simulation  Model 


1  BECI 

2  RUN 

3 
a 

5  UN 

6  TEMP 

7  TEMP 

8 
9 

10 

11  TEMP 

12 

13 

14 

15 

1 b  END? 

17  TEMP 

18  MON 

19 

20 
21 

22  END ) 

23  temp 

24 

25 

26 

27 

28 

29  EnO) 

30  TEMP 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48  END} 


BECIN  INPUT} 

RUN  CONTROL:  NEW  ZONES, 

NEW  AIR  SYSTEMS, 

CENTRAL  PLANT, 

UNITS(OUTaMETRIC) ) 

TEMPORARY  LOCATION:  FT  MOOD  s  (LATs31 ,L0NGa97. 8, TZ*6) >  END} 

TEMPORARY  OESIGN  DAYS:  / 

FT  HOOD  WINTER  a  (HIG Ha 32, L0Wa20, WEEKEND, *6*20, DATE =2 1JAN), 

FT  HOOD  SUMMER  a  < HIGH* 1 0 6 , L0wb84 , *Bs85 , DATE*21 JUL , PRES*40S , 
CLEARNESS!, 95, WEEKDAY)}  END) 

TEMPORARY  SCHEDULE  (ALL  ZONES  PEOPLE): 

MONOAY  THRU  FRIDAY  a  (17  TO  07  -  0 . , .5, . 94 , , 92, . 79, .52, . 56, . 75 , 

.68, .61 , .28), 

Saturday  thru  sunoay  *  coo  to  24  -  o>, 

HOLIDAY  a  SUNDAY} 

END) 

TEMPORARY  SCHEDULE  (CLINIC  LIGHTS  AND  EQUIPMENT) 1 
MONOAY  THRU  FRIDAY  a  (19  TO  07  -  . 34 , , 58, . 98, . 98, . 98, . 86, 

.72, .91, .98, .95,. 79,. 40,. 40), 

SATUROAY  THRU  sunoay  a  COO  TO  24  -  .34), 

HOLIDAY  a  SUNOAY} 

ENO) 

TEMPORARY  CONTROLS  (CLINIC  CONTROLS): 

PROFILES: 

CONSTANT  a  (1  AT  66,  0  AT  68,  -.125  AT  70,  -I  AT  140)} 


SCHEDULES) 

MONOAY  THRU  SUNDAY  a  (00  TO  24  -  CONSTANT), 
HOLIDAY  s  SUNOAY) 

EnO) 

temporary  walls: 

EWALL1  a  (BRICK  -  FACE  4  IN, 

CONCRETE  -  CEMENT  MORTAR  1/2  IN, 

CONCRETE  -  CEMENT  MORTAR  1/2  IN, 

CONCRETE  -  CEMENT  MORTAR  1/2  IN, 

CONCRETE  -  CEMENT  MORTAR  1/2  IN, 

C3  -  4  IN  MW  CONCRETE  BLOCK, 

81  -  AIRSPACE  RESISTANCE, 

BUILDING  BOARD  -  GYPSUM  PLASTER  1  /  2  IN), 

phalli  *  (building  board  •  gypsum  plaster  i  /  2  in, 

B1  -  AIRSPACE  RESISTANCE, 

BUILOING  BOARD  -  GYPSUM  PLASTER  l  /  2  IN), 
PWALL2  «  (C8  -  8  IN  HW  CONCRETE  BLOCK, 

B 1  -  AIRSPACE  RESISTANCE, 

BUILOING  BOARD  •  GYPSUM  PLASTER  1  /  2  IN), 
CPWALL  a  (A1  -  1  IN  STUCCO, 

CIO  -  8  IN  HW  CONCRETE, 

El  -  3  /  4  IN  PLASTER  OR  GYP  BOARD)) 


49  TEMPI 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60  (NO) 


TEMPORARY  ROOFS: 

ROOF!  *  (E2  -  1/  2  IN  SLAG  OR  STONE, 

E3  -  3/8  IN  FELT  AND  MEMBRANE, 
A3  -  STEEL  SIDING, 

E4  •  CEILING  AIRSPACE, 

64  -  3  IN  INSULATION, 

E5  -  ACOUSTIC  TILE), 

CPCEIL  » ( F IN ISH  FLOORING  -  TILE  1/16  IN, 
CIO  -  8  IN  HW  CONCRETE, 

81  -  AIRSPACE  RESISTANCE, 

82  -  1  IN  INSULATION); 


Note:  The  line  numbers  are  NOT  a  part  of  the  BLAST  input  requirements.  They 
have  been  added  for  convenience. 
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6  1 
62 

6  5 

64 

65 

66 

67 

68 

69 

70 

71 

72 

7  5 
7a 

75 

76 

77 

78 

79 
eo 
ei 
82 
85 
sa 

85 

86 

87 

88 

89 

90 

91 

92 
95 
9a 

95 

96 

97 

98 

99 
1  00 
101 
102 
103 
1  oa 

105 

106 

107 

108 
I  09 
110 
111 
112 
113 
1  la 

115 

116 

117 

118 

119 

120 


TEMPORARY  FLOORS! 

F  LOOK  1  s  (82  -  1  IN  INSULATION, 

HI  -  AIRSPACE  RFSISTANCt, 

CIO  -  8  IN  86  CONCRETE,  , 

finish  f loop  Inc  -  iilf  i/iw  ini, 

CPFLOUR  S  (DIRT  12  1 N) 1 

fcNOl 

1 1 6P0RAR Y  DOORS! 

WINDOW  PANEL  S  (CLASS  -  HE  A 1  ABSORBING  PLATE  1/  2  IN, 
INSULATION  -'cellular  GLASS  2  IN, 

C3  -  a  IN  hk  concrf if  hlock, 

HU1L01NG  BOARD  -  GYPSUM  PLASTtR  1  /  2  IN)! 

END  ! 

PHO.ttCT  =  "FT  HOOO  DENTAL  CLINIC*! 

LOCAT  (<JN=  F  f  HOOD! 

wEATHEH  1APE  FROM  01  JUN  78  THRU  06  JUL  761 
CHUUND  I E F'PEH A  TURE  S  =  ( 62 , 6 1 , 62 , 65 , 66 , 7  1  ,  75 , 75 , 7  1 , 68 , 65 , 62 )  I 
Hf-CIN  HUILDtNG  DESCRIPTION! 

NORTH  AXIS  =  0.1 
DIMENSIONS!  HEIGHT1  =  9.| 

CRAWL  SPACE  1  000  "CRAWL  SPAC'f"! 

ORIGIN! (0,0, -2. 5)1 
NORTH  AXIS  =  0! 

CRAhl  SPACE  CEILING! 

starting  at  (o, 0,2.5)  facing  (leo)  cpceil  (92  by  102)) 

SLAB  ON  GRADE  FLOOR! 

STARTING  AT  (0,102,0)  FACING  (180)  CRT  LUOH  (92  BY  102)1 
OASEMENT  WALLS ! 

starting  AT  (0,0,0)  FACING  (180)  CPwALL  (92  HY  2.5), 
STARTING  AT  (92,0,0)  FACING  (90)  CPWALL  (102  BY  2.5), 
STARTING  AT  (92,102,0)  FACING  (0)  CPWALL  (92  HY  2.5), 

starting  at  (o, 102,0)  facing  (270)  cpwall  t i 02  by  2.5)1 
end  ZONE! 

ZONE  1  "NORTH  LAB*! 

ORIGIN! (!«, 83,0)1 
NORTH  AXIS  =  0! 

EXTEHIUR  WALLS! 

STARTING  AT  (31,19, ,0)  FACING  (0)  f«ALLl  (31  BY  HEIGHT1) 
WITH  WINDOWS  OF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(6.66  BY  a. 25)  AT  (10,0) 

WI1H  OOORS  OF  TYPE  WINDOW  PANEL 
(6.66  HY  a. 0)  AT  (10,0) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(3.33  BY  a, 25)  AT  (27.5, a) 

WITH  OUOR5  OF  TYPE  WINDOW  PANEL 
(3.33  HY  a.o)  AT  (27.5,0) 
with  OVERHANGS  (50  HY  3)  At  ( - 1 0 , HE IGMT 1) ! 

PARTITIONS! 

STARTING  AT  (31,0,0)  FACING  (90)  PWALL2  (19.  BY  HEIGHT!), 
STAHTING  AT  (0,0,0)  FACING  (160)  PHALLI  (31  BY  HEIGHTl), 
STARTING  AT  (0,19.,0)  FACING  (270)  PwALL 1  (19  BY  HEIGHTl)! 
ROOF  S ! 

STARTING  AT  ( 0 , 0 , HE l GHT 1 )  FACING  (180)  ROOF1  (31  BY  19.)! 
FLOOR  OVER  CRAWL  SPACE! 

STARTING  AT  (  0 ,  19, ,0)  FACING  (180)  FIDOR1  (31  HY  19. )| 
PEOPLE  *  a, ALL  ZON13  PEOPLE! 

ELECTRIC  EUUIPMENT  s  10. 2«, CLINIC  LIGHTS  AND  EOl'IPMENTl 

LIGHTS  s  5. 73, CLINIC  LIGHTS  AND  FNUirPENTf 

CONTROLS  S  CLINIC  CONTROLS,  TOO  Hfc  A  T 1 NG ,  15a. 1  CODLING! 

END  ZDNF.  I 
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rsf 


38 


121 

122 

125 

12<i 

125 

126 

127 

128 
125 
lift 
111 
132 
113 
1  34 
115 
136 
1  37 
118 
t39 

140 

141 

142 
141 

144 

1 45 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 
171 

174 

175 

176 

177 

178 

179 

180 


ZONE  2  "NURIH  WIST  LAH" 1 
Ok  1  Glut (0.81,0)1 
NORTH  AX  13  s  0» 

EXTERIOR  RALLS  t 

STARTING  AT  (0,0,0)  F4CING  060)  b ► A I  LI  (4  BY  HEIGHT1) 

WITH  OVERHANGS  (7  BY  85)  AT  (-3,MRIGHT1) 

WITH  WINGS  (HEIGHT!  OY  83)  AT  (4,0), 

STARTING  AT  (0,19,0)  FACING  (270)  TwALLl  09  BY  HEIGHT1) 

WITH  OVERHANGS  (108  BY  1)  AT  (-1, ME IGHT 1 ) , 

STARTING  AT  (14,19,0)  FACING  (0)  EWALL1  (14  BY  HE1GHT1) 

WITH  WINDOWS  OE  TYPE  SINGLE  PANf  TINTED  WINDOW 
(3.33  BY  4.25)  AT  (.5,4) 

WITH  DOOR  OF  TYPE  WINDOW  PANEL 
(3.31  BY  4.0)  AT  (.5,0) 

WITH  OVERHANGS  (60  BY  3)  AT  (-4? , HE  1  GMT  1 ) I 
PART | TIONSt 

STARTING  at  (14,6.5,0)  FACING  (90)  PwALLl  (11.5  BY  HEIGHT  1 ) , 
STARTING  AT  (4,0,0)  FACING  (180)  T’WALL  1  (10  BY  HEIGHT!)! 
ROOFS! 

STARTING  AT  ( 0 , 0 , HE IGHT 1 )  FACING  (180)  ROOF l  (14  BY  19)| 
FLOOR  OVER  CRAWL  SPACE! 

STARTING  AT  (0,19,0)  FACING  (180)  FL0UR1  (14  BY  1 9 ) » 

PEOPLE  =  2, ALL  ZONES  PEOPLE! 

LIGHTS  *  2. 18, CLINIC  LIGHTS  AND  EQUIPMENT  T 
ELECTRIC  EQUIPMENT  a  6. 82, CLINIC  LIGHTS  AND  EQUIPMENT! 

GAS  EQUIPMENT  =  5, CLINIC  LIGHTS  AND  EQUIPMENT) 

CONTROLS  =  CLINIC  CONTROLS,  23.68  HEATING,  35.1  COOLING! 

END  ZONE! 

zone  3  "west  oper  rms"i 

ORIGIN! (0,13,0)! 

NORTH  AXIS  a  0.! 

EXTERIOR  WALLS! 

STARTING  AT  (0,70,0)  FACING  (270)  EwALLl  (70  BY  HEIGHT1) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(5  BY  8.9)  REVEAL  (3.67)  AT  (.5,0.05) 

WITH  OVERHANGS  (87  BY  3)  AT  ( -  1 6 , HI IGHT 1 ) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(6.66  BY  4.25)  AT  (13,4) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6,66  BY  4.0)  AT  (13,0) 

WITH  WINDOWS  UF  TYPE  SINGLE  PAN!  TINTED  wINOUW 
(6,66  BY  4.25)  AT  (33,4) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6,66  BY  4.0)  AT  (33,0) 

WITH  WINDOWS  UF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(6.66  BY  4,25)  AT  (53,4) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6.66  BY  4.0)  AT  (55,0)! 

PARTITIONS! 

STARTING  AT  (0,0,0)  FACING  (|B0>  PwALLl  (19  BY  HEIGHT!)# 

STARTING  AT  (19,5,0)  FACING  (90)  PwALLl  (59  BY  MfIGHTI), 

STARTING  AT  (19,70,0)  FACING  (0)  PwALLl  09  BY  HEIGHT!)) 

BOUFS! 

STARTING  AT  (0,0, HE IGHT I )  FACING  080)  ROOF  1  (19  BY  70)1 
FLOOR  OVER  CRAWL  SPACE! 

STARTING  AT  (0,70,0)  FACING  080)  FLUUkl  09  BY  70)1 
PEOPLE  a  O,  ALL  ZONES  PEOPLE) 

LIGHTS  a  7. 14, CLINIC  LIGHTS  AND  EQUIPMENT! 

ELECTRIC  EQUIPMENT  a  3. 4|, CLINIC  LIGHTS  AND  EQUIPMENT) 

CONTROLS  a  CLINIC  CONTROLS,  07  HEATING,  173.7  COOLING) 


i  e  l 
l«2 
18  3 
189 

185 

186 

187 

188 

189 

190 

191 

192 
195 
1 99 

195 

196 

197 

198 

199 

200 
201 
202 
203 
209 

205 

206 

207 

208 

209 

210 
211 
212 
213 
218 

215 

216 

217 

218 

219 

220 
221 
222 
223 
228 

225 

226 

227 

228 

229 

230 

231 

232 

233 
238 

235 

236 

237 

238 

239 
280 


INI)  ZUNf  1 

ZONE  8  "LOCKER  RMS"| 

nii 1 1;  1 .9 1  (i8,i9,o)i 
NijWIH  Axis  s  0.1 
PARTITIONS: 

ST  AM  r l  NG  AT  (0,0,0)  FACING  (180)  PHALLI  (13  HY  HflGHTl), 

STARTING  AT  (13,0,0)  FACING  (90)  PhALLI  (59  HY  HEIGHTI), 

STARTING  AT  (13,59,0)  FACING  (0)  PHALLI  (13  HY  hEIGHTI), 

3TAHTING  AT  (0,59,0)  FACING  (270)  PhAlLI  (59  HY  HEIGHT  1 ) I 

ROOF  SI 

STARTING  AT  (0, 0, HEIGHT! )  FACING  C 1  HO)  ROOFl  (13  BY  59)1 
FLOOR  OVER  CRAWL  SPACE! 

STARTING  AT  (0,59,0)  FACING  (180)  FL00R1  (13  HY  59)» 
PEOPLE  a  2, ALL  ZONES  PEOPLE) 

LIGHTS  *  3. 96, CLINIC  LIGHTS  AND  EQUIPMENT) 

ELECTRIC  EQUIPMENT  a  0, CLINIC  LIGHTS  A NO  EUUIPMENT) 

CONTROLS  *  CLINIC  CONTROLS,  88.9  HEATING,  65.8  COOLING) 

END  /ONE) 

ZONE  5  “l IHHARY  CUNF  RMS"  I 


OR IG INI (31,97,0)) 


NORTH  AXIS  s 
PART  I TIONSt 

STARTING  AT 
STARTING  AT 
STARTING  AT 
STARTING  AT 
STARTING  AT 
STARTING  AT 
STARTING  AT 
STARTING  AT 


0) 

(0,0,0)  FACING  (180)  PHALLI  (6  BY  HEIGHtl), 
(6,0,0)  FACING  (90)  PwALLl  (3  BY  HE1GHT1), 
(6,3,0)  FACING  (180)  PHALLI  (12  BY  HEIGHT]), 
(18,3,0)  FACING  (90)  PHALLI  (29  BY  HEIGHT1), 
(18,36,0)  FACING  (0)  Phalli  (30  BY  HEIGHT!), 
(-12,36,0)  FACING  (270)  Phalli  (6  RY  HEIGHT!), 
(-12,30,0)  FACING  (180)  PhALLI  (12  BY  HEIGHT  1 ) , 
(0,30,0)  FACING  (270)  PhALLI  (30  BY  HEIGHT1)I 


ROOFS! 

STARTING  at  (0,0,HE1GHT1)  FACING  (180)  ROOF1  (6  BY  3), 
STARTING  AT  ( 0 , 3, HEIGHT  1 )  FACING  (180)  HOOF1  (18  BY  33), 
STARTING  AT  (-12, 30, HEIGHT  1 )  FACING  (180)  ROOF  1  (12  BY  6)) 
FLOORS  OVER  CRAWL  SPACE! 

STARTING  AT  (0,3,0)  FACING  (1B0)  FLPOR1  (6  BY  3), 

STARTING  AT  (0,36,0)  FACING  (180)  FLOUH1  (18  HY  33), 
STARTING  AT  (-12,36,0)  FACING  (180)  FLOOR1  (12  HY  6)) 
PEOPLE  =  9, ALL  ZONES  PEOPLE) 

LIGHTS  a  3. 28, CLINIC  LIGH15  AND  EUUIPPLNI) 

ELECTRIC  EQUIPMENT  a  3. 41, CLINIC  LIGHTS  AND  EQUIPMENT) 
CUNTHULS  a  CLINIC  CONTROLS,  29.3  HEATING,  83.9  COOLING) 


END  ZONE) 

ZONE  6  "HAI TING  ROOM " | 
ORIGIN! ( 19, 13,0)  ) 
NORTH  AXIS  =  0.) 
PARTITIONS! 


STARTING 
STARTING 
STARTING 
STARTING 
STARTING 
STARTING 
STARTING 
STARTING 
ROOF  SI 

STARTING 
STARTING 
SI ARI ING 
FLOORS  OVER 


AT  (0,0,0)  FACING  (180)  PHAIL1  (92  HY  HEIGHT1), 

AT  (82,5.5,0)  FACING  (0)  PwALLl  (12  BY  HEIGHT!), 

AT  (30,5.5,0)  FACING  (90)  PHALLI  ( 3 1  HY  MEIGHT1), 

AT  (30,36.5,0)  FACING  (0)  PHALLI  (12  BY  HEIGHT!), 

AT  (18,36.5,0)  FACING  (270)  PhALLI  (3  HY  HEIGHT1), 
AT  (18,33.5,0)  FACING  (0)  PHALLI  (6  HY  HEIGHT  1 ) , 

AT  (12,33.5,0)  FACING  (270)  PHALLI  (28  HY  HEIGHT1), 
AT  (12,5.5,0)  FACING  (0)  PhALLI  (12  BY  HEIGHT!)) 

AT  (0, 0, HEIGHT  1 )  FACING  (180)  ROOF  1  (92  HY  5.5), 

AT  (12, 5. 5, HE  IGHT 1 )  FACING  (180)  ROOF  1  (18  BY  28), 
AT  (18, 33. 5, HEIGHT) )  FACING  (180)  ROOF  1  (12  HY  3)) 
CRAWL  SPACE) 


40 


tl  * 


201  STARTING  AT  (0,5. 5.0)  FACING  (180)  FlOOkl  (02  BY  5,5), 

202  81  ART (NG  AT  (12,35.5*0)  FACING  (160)  ELOORl  (18  RY  28), 

203  STARTING  AT  (18,36.5,0)  FACING  (180)  FLOORl  (12  PY  J)) 

20R  PfcOPLt  *  31, ALL  ZONE S  PEOPLE) 

205  LIGHTS  =  2. 73, CLINIC  LIGHTS  AN|)  EUUIPMEN1) 

206  ELECTRIC  EQUIPMENT  s  1.82, Cl  INK  LIGHTS  AMP  EQUIPMENT) 

207  CON T Hill  S  =  CLINIC  CONTROLS,  08.6  HEATING,  72.0  COOLING) 

208  ENO  ZONE) 

209  ZONE  7  "RECORDS  AND  SUPPLY") 

250  OIMGIn:  (09,  18,5,0)  | 

251  NORTH  AXIS  «  0.) 

252  PARTITIONS) 

253  SIAHIING  4T  (0,0,0)  FACING  (180)  PHALLI  (12  RY  HFIGMT1), 

250  STARTING  AT  (12,0,0)  FACING  (90)  PHALLI  (05  BY  MEIGMT1), 

255  STARTING  AT  (12,05,0)  F4CING  (180)  PHALLI  (6  BY  HEIGHT1), 

256  STARTING  AT  (18,05,0)  FACING  (90)  P*ALL1  (13  BY  HEIGHT1), 

257  STARTING  AT  (18,58,0)  FACING  (180)  PHALLI  (7  BY  HEIGHT  1 ) , 

258  STARTING  AT  (25,60.5,0)  FACING  (0)  PhALL2  (25  BY  HEIGHT  1 ) , 

259  STARTING  AT  (0,60.5,0)  FACING  (270)  PwALLl  (60.5  BY  HEIGHT!)) 

260  ROOFS) 

261  STARTING  AT  ( 0, 0, HEIGHT  1 )  FACING  (180)  HOOF1  (12  BY  60.5), 

262  STARTING  AT  ( 1 2, 05* HE IGHT 1 )  FACING  (180)  ROOF!  (6  BY  18.5), 

263  STARTING  AT  ( 1 8 , 58 , HE  I GHT 1 )  FACING  (»80)  ROOFl  (7  BY  5.5)) 

260  FLOURS  DYER  CRAWL  SPACE) 

265  STARTING  AT  (0,60.5,0)  FACING  (180)  FLOHRI  (12  BY  60.5), 

266  STARTING  AT  (12,60.5,0)  FACING  (180)  FLOORl  (6  BY  18.5), 

267  STARTING  AT  (18,60.5,0)  FACING  (180)  FLOORl  (7  BY  5.5)) 

268  PEOPLE  =  7, ALL  ZONES  PEOPLE) 

269  LIGHTS  =  0.37, CLINIC  LIGHTS  AND  EQUIPMENT) 

270  ELtCTRIC  EOUIPMEN-  *  3. 01, CLINIC  LIGHTS  AND  EQUIPMENT) 

271  CONTROLS  *  CLINIC  CONTROLS,  51.6  HEATING,  76.0  COOLING) 

272  END  ZONE) 

273  ZONE  8  " X H A  Y "  ) 

270  ()RIGIN1(61,IJ,0)) 

275  NORTH  AXIS  P  0.) 

276  PAHTUIUNS) 

277  STARTING  AT  (0,0,0)  FACING  (180)  PHALLI  (16  BY  HE ( GHT I ) , 

278  STARTING  AT  (16,0,0)  FACING  (90)  PHALLI  (69  BY  HtIGHTI), 

279  STARTING  AT  (16,69,0)  FACING  (0)  PWALL2  (0  HY  HE IGHT 1 ) , 

280  STARTING  at  (12,60,0)  FACING  (0)  PHALLI  (7  BY  ME IGHT I ) , 

281  STARTING  AT  (5,60,0)  FACING  (270)  PHALLI  (10  BY  HE  I GHT 1 ) , 

282  STARTING  AT  (5,50,0)  FACING  (0)  PHALLI  (5  HY  HEIGHT!), 

283  STARTING  AT  (0,50,0)  FACING  (270)  PHALLI  (05  BY  HE  I GHT 1 ) ) 

280  hoofs: 

285  STARTING  AT  ( 0, 0 , HE  I Grt T I )  FACING  (180)  ROOFl  (16  BY  50), 

286  STARTING  AT  (5, 50, HE IGHT 1 )  FACING  (180)  ROOFl  (11  BY  10), 

287  STARTING  AT  ( 12,60, HEIGHT1 )  FACING  (180)  ROOFl  (0  BY  5)) 

288  FLOORS  OVER  CHAHL  SPACE) 

289  STARTING  AT  (0,50,0)  FACING  (180)  FLOUR!  (16  BY  SO), 

290  STARTING  AT  (5,60,0)  FACING  (160)  FLOUR!  (11  HY  10), 

291  STARTING  AT  (12,69,0)  FACING  (180)  FLUUR1  (0  BY  5)) 

292  PEOPLE  *  S.ALL  ZONES  PEOPLE) 

293  LIGHTS  s  3, 96, CLINIC  LIGHTS  AND  EQUIPMENII 

290  ELECTRIC  EQUIPMENT  *  28. 87 , C'. I N IC  LIGHTS  AND  EQUIPMENT) 

295  CONTROLS  =  CLINIC  CONTROLS,  08.3  HEATING,  71.6  COOLING) 

296  END  ZONE) 

297  ZONE  9  "SOUTH  OPER  RMS") 

298  OR IGIN)(0,0,0}) 

299  NORTH  AXIS  =  0.) 

100  EXTERIOR  HALLS) 
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STARTING  AT  (0,0,0)  FACING  (ISO)  tMLLI  (92  BY  HE  IGHT 1 ) 
wlIH  WINDOWS  OF  TYPE  SINGLE  PAnF  TINTED  WINDOW 
(6,06  BY  A. 25)  AT  (9,9) 
wITM  OOORS  OF  TYPE  WINDOW  PANE! 

(6.66  HY  0.0)  AT  (9,0) 

«ITH  WINDOWS  OF  TYPt  SINGLE  PANT  TINTED  WINDOW 
(6.66  HY  0.25)  AT  (28,9) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6.66  HY  U.O)  AT  (26,0) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  TINTED  WINDOW 
(8  BY  8.9)  REVEAL  (a)  AT  (02, .05) 

WITH  OVERHANGS  (98  HY  3)  AT  (- J ,Hf IGHT 1 ) 

*ITH  WINDOWS  OF  TYPE  SINGLE  P»NE  TINTED  WINDOW 
(6,66  AT  0.25)  AT  (58, 9) 

WITH  DOORS  Of  TYPE  WINDOW  PANEL 
(6.66  HY  0.0)  at  (58,0) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  T 1 N T ED  WINDOW 
(6,66  HY  0.25)  AT  (76,0) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6.66  HY  0.0)  AT  (78,0), 

STARTING  AT  (92,0,0)  FACING  (90)  FwAELI  (IS. 5  BY  HE IGHT l ) 
WITH  OVERHANGS  (100  BY  S)  AT  ( -  5 , HE  (GHT 1 ) , 

STARTING  AT  (0, IS. 5,0)  FACING  (270)  E "ALL  1  (IS. 5  HY  HE  I GHT 1 ) 
WITH  OVERHANGS  (100  HY  S)  AT  (-95. 5, HE IGHT 1 > > 

PARI  IT  IONS! 

STARTING  at  (92,15.5,0)  FACING  (0)  PwALLI  (92  BY  HE IGHT 1)7 
ROOF  ST 

STARTING  AT  (0 ,  (T ,  HE  IGH  T  I  )  FACING  (JMO)  WOOF  I  (92  BY  13.5)1 
FLOOR  OVER  CRAWL  SPACEj 

STARTING  AT  (0,13.5,0)  FACING  (1B0)  FLOURl  (92  BY  13.5)) 
PEOPLE,  a  I  I,  ALL  ZONES  PEOPLE) 

LIGHTS  S  9. 28, CLINIC  LIGHTS  AND  FOUIPPENT) 

ELECTRIC  EQUIPMENT  ■  S.Ot, CLINIC  LIGHTS  AND  EQUIPMENT) 

CONTROLS  *  CLINIC  CONTROLS,  ISO. 9  HEATING,  199.0  COOLING) 

END  ZONFI 

ZONE  10  "EAST  OPlR  RMS" J 

OR IGIN 1(77,13, 0)1 

NORTH  AXIS  s  0.) 

PARTITIONS) 

STARTING  AT  (0,0,0)  FACING  (180)  PwALLI  (15  HY  HEIGHT!), 

3TARTING  AT  (0,70,0)  FACING  (270)  PwALLI  (70  BY  HEIGHT!), 

STARTING  AT  (15,70,0)  FACING  10)  PWALL2  (15  BY  HE  I GHT 1 ) ) 
EXTERIOR  WALLS) 

STARTING  AT  (15,0,0)  FACING  (90)  EWALL1  (70  BY  HE IGHT 1 ) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANE  1IN1ED  WINDOW 
(6.66  BY  9.25)  AT  (12,9) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6.66  HY  9,0)  AT  (12,0) 

WITH  WINDOWS  OF  TYPt  SINGLE  PANF  TINTED  WINDOW 
(6.66  HY  9.25)  AT  (32,9) 

WITH  DOORS  OF  TYPE  WINDOW  PANEL 
(6,66  BY  9,0)  AT  (32,0) 

WITH  WINDOWS  OF  TYPE  SINGLE  PANT  TINTED  WINDOW 
(6.66  BY  9.25)  AT  (51,9) 

WITH  OOORS  OF  TYPE  WINDOW  PANEL 
(6,66  BY  9.0)  AT  <51,07 

WITH  WINDOWS  OF  TYPE  SINGLE  P*Nf  TINTED  WINDOW 
(5  HY  8.9)  REVEAL  (3.67)  AT  (65,0) 

WITH  OVERHANGS  (76  HY  i)  AT  (-3.HFIGHTU) 

ROOFS) 
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361  STARTING  AT  (0,0,HEIGHTl>  FACING  (180)  RU0F1  (15  BY  70)1 

362  FLOOR  OVER  CRAWL  SPACE  i 

363  STARTING  AT  (0,70,0)  FACING  (180)  FLOORI  (IS  BY  70)) 

360  PEOPLE  s  8, ALL  ZONES  PEOPLE) 

365  LIGHTS  a  6, 01, CLINIC  LIGHTS  AND  EQUIPMENT) 

366  ELECTRIC  EQUIPMENT  =  3, 01, CLINIC  LIGHTS  AND  EQUIPMENT) 

367  CONTROLS  *  CLINIC  CONTRQLS,  122.7  HEATING,  181.9  COOLING) 

368  END  ZONE) 

369  ENO  BUILDING  DESCRIPTION) 

370  BEGIN  FAN  SYSTEM  DESCRIPTION) 

371  MULTIZONE  SYSTEM  1  "MAIN  FAN  SYSTEM"  SERVING  ZONES  1,2,3,0,5,6,7,8,9,10) 

372  FOR  ZONE  11 

373  EXHAUST  AIR  VOLUME  *  1000) 

370  SUPPLY  AIR  VOLUME  a  1780) 

375  END) 

376  FUR  ZONE  21 

377  SUPPLY  AIR  VOLUME  •  006) 

378  END) 

379  FOR  ZONE  SI 

380  SUPPLY  AIR  VOLUME  a  2010) 

381  END) 

382  FOR  ZONE  01 

383  EXHAUST  AIR  VOLUME  a  600) 

380  SUPPLY  AIR  VOLUME  a  761) 

385  END) 

386  FOR  ZONE  5 1 

387  SUPPLY  AIR  VOLUME  =  502) 

388  END) 

389  FOR  ZONE  61 

390  SUPPLY  AIR  VOLUME  s  833) 

391  END) 

392  FUR  ZONE  7 1 

393  SUPPLY  AIR  VOLUME  a  880) 

390  END) 

395  FOR  ZONE  8 i 

396  SUPPLY  AIR  VOLUME  a  629) 

397  END) 

398  FOR  ZONE  9| 

399  SUPPLY  AIR  VOLUME  a  2205) 

000  ENO ) 

001  FOR  ZONE  10l 

002  SUPPLY  AIR  VOLUME  s  2105) 

003  ENO) 

000  OTHER  SYSTEM  PARAMETERS) 

005  SUPPLY  FAN  EFFICIENCY  *  .38) 

006  MOT  DECK  CONTROL  a  OUTSIDE  AIR  CONTROLLED) 

007  HOT  OECK  CONTROL  SCHEDULE  =  (120  AT  U>,  80  AT  70)) 

008  COLO  DECK  CONTROL  a  FIXED  SET  POINT) 

009  COLO  DECK  TEMPERATURE  a  60.) 

010  COLD  DECK  THROTTLING  RANGE  *  5) 

All  MIXED  AIR  CONTROL  a  FIXED  AMOUNT) 

012  OUTSIDE  AIR  VOLUME  a  Olio.) 

013  END) 

010  COOLING  COIL  DESIGN  PARAMETERS! 

015  COIL  TYPE  a  OX) 

016  ENURING  AIR  OHY  BULB  TEMPERATURE  a  87.6) 

017  ENTERING  AIR  wet  BULB  TEMPERATURE  a  70.3) 

018  LEAVING  AIR  DRY  BULB  TEMPERATURE  a  61.) 

019  LEAVING  AIR  WET  BULB  TEMPERATURE  a  59.) 

020  AIR  FACE  VELOCITY  a  510.6) 
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421  AIR  VOLUME  fLON  HATE  s  15760* 

422  BAROMETRIC  PRESSURE  e  405! 

423  LEAVING  REFRIGERANT  TEMPE BATURE=« 5 . » 

424  ENTERING  REFRIGERANT  TEMPERATURE  a  45! 

425  TOTAL  COOLING  LOAD  *  6001 

426  NUMBER  OF  TUBE  CIRC’Jl  T?t?0» 

427  END  | 

428  0*  CONDENSING  UNI  I  PARAMETERS* 

429  HPWRCO (.40349281, .21287191 , .39339793)1 

430  DESIGN  SATURATED  SUCTION  TEMPERATURE *4 OF 

431  DESIGN  SATURATED  CONDENSING  TEHPERATUREal 30 ! 

432  DESIGN  FULL  LOAD  POWER  RATIOa.351* 

433  Dx  CONDENSING  UMT  C  AP  AC  t  T  Ys  60« ! 

434  END  UX  CONDENSING  UnH  c ARAMF I F Rfl I 

435  END  SYSTEM! 

436  END  FAN  SYSTEM  OESCRIPTIONl 

437  BEGIN  CENTRAL  PLANT  DESCRIPTION! 

438  PLANT  1  "BOILER  ONLY"  SERVING  ALL  SYSTEMS! 

439  EQUIPMENT  SELECTION* 

440  1  BOILER  OF  D  T Zt  10 0! 

441  end  equipment  selection* 

442  END  PLANT! 

443  E NO  CENTRAL  PLANT  DESCRIPTION! 

444  END  INPUT! 
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APPENDIX  B 


BATTALION  HEADQUARTERS  AND  CLASSROOM  BUILDING  SIMULATION  MODEL 


Battalion  Headquarters  and  Classroom  Building  Simulation  Model 


1  begin  i hPu t t 

2  RUN  CONTROL  :  NEW  ZONES,  NEW  SYSTEMS,  PLANT, 

3  UNlTS(IN*ENGLISH,OUT*ENGLISH), 

a  REPORTS  (ZONE  LOADS, SYSTEM  LOADS, COIL  LOADS, SYSTEM, PLANT  LOADS, 

5  38)| 

6  OEPINE  LOCATIONS 

7  FT  CARSON  »  (LAT338, 75, L0NG*104.5, TZ*7) I 

8  6NO  | 

9  OEFINE  DESIGN  D4.vSl 

10  FT  CARSOn  SUMMER  a  (MIGH*92,L0W*61, WB»5 9, DATE*2 1JUL, WEEKDAY, PRES* 390 ) , 

it  FT  CARSON  WINTER  ■  ( H IGH* 1 0  » LOW* *2 , wB»-2, OAT E *21 JAN, WEEKEND, PRES* 390) l 

12  ENO» 

13  TEMPORARY  WALLS! 

14  WALL  *  (BRICK  -  FACE  «  IN, 

15  airspace  -  vertical, 

16  C8  -  8  IN  Hw  CONCRETE  BLOCK)! 

17  wALLl*  (El  -  3/9  IN  PLASTER  OR  GYP  BOARD, 

IB  AIRSPACE  -  VERTICAL, 

19  £1  -  3/4  IN  PLASTER  OR  GYP  BOARD), 

20  ,ALL2*  ( C8  -  8  IN  H«  CONCRETE  BLOCK)! 

21  END; 

22  TEMPORARY  ROOFS! 

23  ROOF  *  (E2  -  l  /  2  IN  SLAG  OR  STONE, 

24  E3  -  3  /  8  IN  FELT  AND  MEMBRANE, 

25  86-2  IN  DENSE  INSULATION, 

26  AJ  -  STEEL  SIDING, 

27  86-2  IN  DFNSE  INSULATION, 

28  E4  -  CEILING  AIRSPACE, 

29  E5  -  ACOUSTIC  TILE); 

30  END; 

31  TEMPORARY  CONTROLS  (ADMIN  COOL  AND  MEAT)! 

32  PROFILES! 

33  CANOH  *  a  AT  74,  0  AT  76,,  -0  AT  78)1 

34  SCHEOULES! 

35  MONDAY  THRU  SUNOAY  ■  (00  TO  24  -  CANDH), 

36  HOLIOAY  *  SUNDAY | > 

37  END! 

38  TEMPORARY  CONTROLS  (AOMIN  M  ONLY)! 

39  PROFILES! 

40  MONLY  *  (I  AT  74,  0  AT  76)1 

41  SCHEDULES! 

42  MqnoA Y  THRU  SUNOAY  *  (00  TO  24  -  HONLY), 

«3  HOLIOAY  *  SUNOAY! 

44  End; 

45  TEMPORARY  3CHE0ULE  (AOMIn  OFFICE  OCCUPANCY)) 

46  3ATUR0AY  THRU  SUNOAY  *  (00  TO  24  -  .2), 

47  MONOAY  THRU  FRIOAY  •  ( 1 7  TO  06  -  .2,06  TO  06  -  ,5,08  TO  12  -  1.0, 

48  12  TO  13  -  .67,13  TO  17  >  l.)| 

49  END) 

50  TEMPORARY  SCHEOULE  (AOMIN  CLASSROOM  OCCUPANCY)! 

51  SATUROAY  THRU  SUNDAY  *  (00  TO  24  -  0.), 

52  MONDAY  THRU  FRIOAY  ■  (11  TO  09  -  0.,09  TO  11  -  l,)l 

53  ENO) 

54  TEMPORARY  SCHEDULE  (OA  VENT)! 

55  SUNDAY  THRU  SATUROAY  *  (00  TO  24  -  .5)) 

56  ENO! 

57  TEMPORARY  SCHEOULE  (OFF)! 

58  SUNDAY  THRU  SATURDAY  •  (00  TO  24  •  0.)! 

59  ENO! 

60  TEMPORARY  SCHEOULE  (ADMIN  LIGHTS)! 
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61  MONDAY  I  MRU  FRIDAY  a  (20  III  07  -  .49, .63,08  II)  18  -  1.,.S2,.63), 

62  SAIUHOAY  THRU  SUNDAY  a  (00  10  20  -  ,00), 

65  HOLIDAY  s  SUNDAY  I 

60  EDO} 

65  project  =  "admin  building"! 

66  GROUND  TEMPERATURES  *  ( 50 , 52 , 54 , 56 . 60 , 66 ,  1 2 , 69 , 66, 62 , 56 , 5a ) I 

67  HEATHER  TAPE  FRUM  06  DEC  THRU  25  JUL! 

60  LOCATION  =  FT  CARSON! 

69  OEGIN  BUILDING  DESCRIPTION! 

70  NORTH  AXIS*0.I 

71  DIMENSIONS!  Hlsl0.75! 

72  ZUNF.  101  "  S I  OR  AGE  A"! 

75  ORIGIN) (0,0,0)! 

7 a  NORTH  axis  S  0! 

75  ROUF| 

76  STARTING  AT  (0,0, HI)  FACING  (180)  POOF  (4|  BY  77)! 

77  SLAB  ON  GRADE  FLOOR! 

78  STARTING  AT  (0,77,0)  FACING  (180)  FLOOR  SLAB  0  IN  (01  BY  77)7 

79  EXTERIOR  MALLS ! 

00  STARTING  AT  (0,0,0)  FACING  (160)  MALL  (41  BY  HI), 

81  STARTING  AT  (41,77,0)  FACING  (0)  MALL  (4t  BY  HI), 

82  STARTING  AT  (0,77,0)  FACING  (270)  MALL  (77  BY  Hi)! 

85  PAH  1 1 T IONS ! 

84  STARTING  AT  (41,0,0)  FACING  (90)  WALL  1  (77  BY  Hl)» 

85  LIGHTS  s  16.59, AOMIN  LIGHTS! 

86  PEOPLE  =  7, AOMIN  OFFICE  OCCUPANCY! 

87  Controls  =  admin  h  only! 

88  END  ZONE! 

89  ZONE  4  "OFFICE  A"l 

90  QRIGlN:(«t,0,0)f 

91  NORTH  AXIS  a  0.1 

92  ROOF: 

95  STARTING  AT  (0,0, HI)  FACING  (180)  HOOF ( 1 7  BY  10), 

94  STARTING  AT  (17,0, HI)  FACING  (180)  ROOF  (15  BY  19), 

95  STARTING  AT  (30,0, HI)  FACING  (180)  RI1UF  (28  BY  28)! 

96  SLAB  ON  GRADE  FLOOR! 

97  STARTING  AT  (0,10,0)  FACING  (|80)  ELOOR  SLAB  4  IN  (17  BY  10), 

98  STARTING  AT  (17,19,0)  FACING  (180)  FLOOR  SLAB  4  IN  (13  BY  19), 

99  STARTING  AT  (30,28,0)  FACING  (180)  FLOOR  SLAB  4  IN  (28  BY  28)1 

100  EXTERIOR  WALLS! 

101  STARTING  AT  (0,0,0)  FACING  (180)  MALL  (58  BY  HI) 

102  WITH  WINDOWS  OF  TYPE  SINGLE  PANE  WITH  BLINDS 

105  (S.53  BY  HI)  AT  (5,0)  AND  (26,0)  AND  (51,0), 

104  STARTING  AT  (58,0,0)  FACING  (90)  MALL  (20  BY  HI)! 

105  PARTITIONS! 

106  STARTING  AT  (58,20,0)  FACING  (90)  MALL  (8  BY  HI), 

107  STARTING  AT  (58,28,0)  FACING  (0)  MALL  1  (28  BY  HI), 

108  STARTING  AT  (30,28,0)  FACING  (270)  WALL  1  (9  BY  HI), 

109  STARTING  AT  (30,19,0)  FACING  (0)  MALL  1  (13  BY  HI), 

110  STARTING  AT  (17,19,0)  FACING  (270)  WALL  I  (9  BY  HI), 

111  STARTING  AT  (17,10,0)  FACING  (0)  wALLl  (17  BY  HI), 

112  STARTING  AT  (0,10,0)  FACING  (270)  WAl.Ll  (10  BY  HI)! 

113  LIGHTS  s  6.26, ADMIN  LIGHTS! 

114  CONTROLS  *  ADMIN  COOL  AND  HEAT! 

It5  PEOPLE  *  4, ADMIN  OFFICt  OCCUPANCY! 

116  END  ZONE! 

117  ZONE  3  "CONFERENCE  A"i 

118  ORIGIN! (41 , 10,0)  I 

119  NORTH  AXtSsOI 

120  HUOEj 
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tat  SfARlINK  AT  (0,0, HU  FACING  (180)  ROOF  (t7  8V  9), 

122  STARTING  AT  (0,9, HI)  FACING  (180)  HOOF  (JO  BY  14)1 

1 2 J  3C AH  Oh  GRADE  FLOOR  1 

120  STARTING  AT  (0,9,0)  FACING  (180)  FUJOH  SLAB  0  IN  (17  BY  9), 

125  STARTING  AT  (0,23,0)  FACING  ()80)  FLOUR  SLAB  0  IN  (30  BY  19)) 

126  PAR  1 1 T I UN9  J 

127  STARTING  AT  (0,0,0)  FACING  (1B0)  rtALLl  (17  BY  HI), 

128  STAHIING  AT  (17,0,0)  FACING  (90)  HALL  1  (9  BY  HI), 

129  STARTING  AT  (17,9,0)  FACING  (ISO)  WALL  1  (13  BY  HI), 

130  STARTING  AT  (30,9,0)  FACING  (90)  WALL  1  (10  BY  HI), 

131  STARTING  AT  (30,23,0)  FACING  (0)  WALL  1  (30  BY  HI), 

132  STARTING  AT  (0,23,0)  FACING  (270)  WALL1  (23  BY  HD) 

133  LIGHTS  =  2. 79, AOMIN  LIGHTS) 

130  CONTROLS  -  AOMIN  COOL  ANO  HEAT) 

135  PEOPLE  =  2, AOMIN  OFFICE  OCCUPANCY) 

136  ENO  ZlJNF) 

137  ZONE  1  "CLASSROOM  A") 

138  ORIGIN)  (91,90,0)) 

139  NORTH  AXIS  a  0) 

190  HOOF) 

191  STARTING  AT  (0,0, HD  FACING  (180)  ROOF  (70  BY  37)) 

192  SLAB  ON  GRADE  FLOOR! 

193  STARTING  AT  (0,37,0)  FACING  (ISO)  FLOOR  SLAB  9  IN  (70  BY  37)) 

199  PARTITIONS) 

195  3TAR1ING  AT  (0,0,0)  FACING  (160)  WALl 2  (70  HY  HI), 

196  STARTING  AT  (70,0,0)  FACING  (90)  WALL2  (16  BY  HD, 

197  StARTING  AT  (0,37,0)  FACING  (270)  WAlUl  (37  BY  HI)) 

198  EXTERIOR  WALLS) 

199  STARTING  AT  (70,37,0)  FACING  (0)  WALL  (70  BY  HI)) 

150  WALLS  TO  UNCOOLEO  SPACES) 

151  STARTING  AT  (70,16,0)  FACING  (90)  WALL2  (21  BY  HI)) 

152  LIGHTS  =  13. 59, AOMIN  LIGHTS) 

153  CONTROLS  s  AOMIN  COOL  ANO  HEAT) 

159  PEOPLE  s  25, ADMIN  CLASSROOM  OCCUPANCY) 

155  ENO  ZONE) 

156  ZONE  2  "HALLWAY") 

157  ORIGIN) (91,33,0)) 

158  NORIH  AXIS  c  0) 

159  ROOF; 

160  STARTING  AT  (70, 7, HI)  FACING  (180)  ROUF  (38  BY  18), 

161  STARTING  AT  (0,0, HI)  FACING! 180)  ROOF  (30  BY  7), 

162  STARTING  AT  (30, -5, HD  FACING  (I8<>)  ROOF  (28  BY  12), 

163  STARTING  AT  (58, -13, HI)  FACING  (180)  ROOF  (62  BY  20), 

169.  STARTING  AT  (120, -5, HD  FACING  (180)  ROOF  (28  BY  12), 

165  STARTING  AT  (198,0, HD  FACING  (1BO)  HOOF  (30  BY  7)) 

166  SLAB  ON  GRADE  FLOOR) 

167  STARTING  AT  (70,25,0)  FACING  (180)  FLOOR  SLAB  9  IN  (30  BY  16) 

166  STARTING  AT  (0,7,0)  FACING  (180)  FLOOR  SLAB  9  IN  (30  BY  7), 

169  STARTING  4T  (30,7,0)  FACING  (180)  FLOOR  SLAB  9  IN  (28  BY  12), 

170  STARTING  AT  (58,7,0)  FACING  (180)  FLOOR  SLAB  4  IN  (62  BY  20), 

171  STARTING  AT  (120,7,0)  FACING  (180)  FLOOR  SLAB  9  IN  (28  BY  12) 

172  STARTING  AT  (148,7,0)  FACING  (180)  FLUOR  SLAB  4  IN  (30  BY  7)) 

173  EXTERIOR  WALLS) 

174  STARTING  AT  (58,-13,0)  FACING  (180)  WALL  (62  BY  HI ) I 

175  WALLS  TO  UNCOOLEO  SPACE! 

176  STARTING  AT  (106,25,0)  FACING  (0)  WALL2  (38  BY  HD  I 

177  CONTROLS  *  AOMIN  COOL  ANO  HE  A  I ? 

178  PEORLE  =  1,  AtlMlN  OFFICE  OCCUPANCY) 

179  ENO  ZONE) 

1 80  /ONE  5  "OFFICE  H") 
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1  8  t  OHlGlNldbl,  0,0)) 

182  NORTH  AXISsO) 

IBS  HOOFs 

184  3 r AH T  IMG  AT  <0,n,Hl)  FACING  (IBO)  RUIN  t?8  BY  ?ft), 

1 85  STARTING  AT  ( 28*  0, HI  )  FACING  1180)  ROOF  Cfi  BY  14), 

|8fe  S I  AWT  i  HG  AT  fill  ,0, M|  )  FACING  (180)  RI'HF  (17  BY  10)1 

187  FL»»OH! 

188  SIAHTJNG  AT  (0,28,0)  FACING  (180)  FLOORS?  (28  0T  28), 

18?  STARTING  AT  (28,19,0)  FACING  (180)  FLOURS?  (13  BY  19), 

1?0  STARTING  AT  (41,10,0)  FACING  (180)  F  LOOK  39  (17  BY  10)) 

1  9 1  EXTERIOR  ix  ALLS  I 

192  STARTING  AT  (0,0,0)  FACING  (180)  NALL  ($8  87  H|) 

1?J  „tlH  WINDOWS  OF  TVPF  SINGLfc  PANf.  *«1TH  BLINDS 

(94  (5.33  BY  HI)  AT  (1,67,0)  AND  (17,0)  AND  (48,0), 

1?5  STARTING  AT  (0,20,0)  FACING  (270)  WALL  (20  BY  HI)) 

196  PARTITIONS) 

197  STARTING  AT  (58,0,0)  FACING  (90)  WALL!  (10  BY  Hi), 

(98  STARTING  AT  (58,10,0)  FACING  (0)  WALL  1  (17  BY  HI), 

199  STARTING  AT  (41,10,0)  FACING  (90)  WALL  1  (9  BY  HI), 

200  STARTING  AT  (41,19,0)  FACING  (0)  WALD  (1J  BY  Hi), 

201  STARTING  AT  (28,19,0)  FACING  (90)  WALD  (9  BY  Hi), 

202  STARTING  AT  (28,28,0)  FACING  (0)  WALL  1  (28  BY  HI), 

20 J  STARTING  AT  (0,28,0)  FACING  (270)  WALL  (8  BY  Hl)| 

204  LIGHTS  t  6. 26, ADMIN  LIGHTS! 

205  CONTROLS  =  AOMIN  COOL  AND  HEAT  I 

206  PEOPLE  s  4, ADMIN  OFFICE  OCCUPANCY) 

207  END  ZONE  I 

208  ZONE  8  "CONFERENCE  B»l 

209  ORIGIN i  (202,10,0)1 

210  NORTH  AXIS  a  0) 

211  ROOF) 

212  STARTING  AT  (0,0, HI)  FACING  (180)  ROOF  (17  BY  9), 

2U  starting  at  <-u,9,hi)  facing  nso)  roof  (30  by  i  a  j  * 

214  floor: 

215  STARTING  at  (0,9,0)  FACING  (180)  FLOORS?  (17  BY  9), 

2(6  starting  at  (-i3,2J,0)  facing  ueo)  floorj?  (so  by  i4>» 

217  PARTITIONS) 

218  STARTING  AT  (0,0,0)  FACING  (180)  WALL  1  (17  BY  HI), 

219  STARTING  AT  (17,0,0)  FACING  (90)  WALLl  (23  BY  HI), 

220  STARTING  AT  (17,23,0)  FACING  (0)  wALLl  (30  BY  HI), 

221  STARTING  AT  (-13,23,0)  FACING  (270)  WALLl  (14  BY  HI), 

222  STARTING  AT  (-13,9,0)  FACING  (180)  WALLl  (13  BY  HI), 

223  STARTING  AT  (0,9,0)  FACING  (270)  WALD  (9  BY  HD) 

224  LIGHTS  =  2.79, ADMIN  LIGHTS) 

225  COnTRULS  s  AOMIN  COOL  AND  HEAT) 

226  PEOPLE  s  2, ADMIN  OFFICE  OCCUPANCY) 

227  END  ZONC) 

228  ZONE  7  "CLASSROOM  B"l 

229  ORIGIN! ( 149,40,0)) 

230  NORTH  AXIS  =  01 

231  ROOF) 

232  STARTING  AT  (0,0,0)  FACING  (180)  ROOF  (TO  BY  37)1 

233  SLAB  ON  GRADE  FLOOR! 

234  STARTING  AT  (0,37,0)  FACING  (180)  FLOUR  SLAB  4  IN  (70  BY  37)) 

235  PAR  IK  IONS  i 

238  STARTING  AT  (0,0,0)  FACING  (180)  WALL  2  (70  BY  HI), 

237  STARTING  AT  (70,0,0)  FACING  (90)  wALLl  (37  BY  HI), 

238  STARTING  AT  (0,16,0)  FACING  (270)  WALL?  (Ib  BY  Ml)) 

239  EXTERIOR  WALLS! 

2«0  starting  XT  (  70,37,0)  MniT  (0)  -.Alt  (7(1  HY  H|)f 
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24  1 
2«2 
24  J 

244 

245 

246 

247 
240 
244 

250 

251 

252 
255 
25« 

255 

256 

257 
250 
255 
260 
261 
262 
26  J 

264 

265 

266 
267 
266 
265 

270 

271 

272 
275 

274 

275 

276 

277 
270 
274 
200 
201 
202 
205 

204 

205 

206 
207 
200 
204 

240 

241 

242 

243 

244 

245 

246 

247 

244 

245 
300 


WALLS  TO  UNCOOLED  SPACES) 

STARTING  41  (0,37,0)  FACING  (270)  WALL?  (21  BY  Hl)» 
LIGHTS  =  13. 54, ADMIN  LIGHTS  1 
CONTROLS  =  ADMIN  COOL  AND  HI  AT  J 
PEOPLE  5  25, ADMIN  CLASSROOM  OCCUPANCY) 
tNo  zone r 

ZONE  102  “STORAGE  »"l 
OMIGINj  (214,0,0)1 
NORfH  4X18=0/ 


ROOF  j 

STARTING  AT  (0,0, HI)  FACING  (180)  ROOF  (41  BY  77)1 
SLAB  UN  GRADE  FLOOR/ 

STARTING  AT  (0,77,0)  FACING  (180)  FLOOR  SLAB  4  IN  (41  BY  07)) 
FLOORS 

STARTING  AT  (0,30,0)  FACING  (ISO)  FLOOW39  (41  BY  S0)» 

EXTERIOR  WALLS) 

STARTING  AT  (0,0,0)  FACING  (100)  WALL  (41  BY  HI), 

STARTING  AT  (41,0,0)  FACING  (40)  WALL  (77  BY  HI), 

STARTING  AT  (41,77,0)  FACING  (0)  WALL  (41  BY  Ht>» 

PARTITIONS! 

starting  at  (0,77,0)  facing  (270)  waili  (77  by  hid 
lights  =  16.59,  ADMIN  LIGHTS) 

CONTROLS  =  ADMIN  H  ONLY) 

PEOPLE  =  7, ADMIN  OFFICE  OCCUPANCY! 

END  ZONF) 

ZONE  iOOO  "BASEMENT" 

ORIGIN(77,0,0)> 


NORTH  AXIS  *  0) 


BASEMENT  WALLS 

STAR11NG  AT  (0,20,0)  FACING  (100)  WALL2  (64  BY  8), 

STARTING  AT  (64,20,0)  FACING  (270)  WALL2  (20  BY  0), 

STARTING  AT  (64,0,0)  FACING  (160)  WALL2  (90  BY  8), 

STARTING  AT  (162,0,0)  FACING  (40)  *ALL2  (SO  BY  ft ) , 

STARTING  AT  (162,30,0)  FACING  (0)  WALC2  (162  BY  8), 

STARTING  AT  (0,30,0)  FACING  (2T0)  «ALL2  (10  BY  8)) 

CEILING 

STARTING  AT  (0,20,8)  FACING  (180)  CEILINGS9  (64  BY  10), 
STARTING  AT  (64,0,8)  FACING  080)  CEILING39  (98  BY  30)) 

SLAB  ON  GRADE  FLOOR 

STARTING  AT  (0.30,0)  FACING  (180)  FLOOR  SLAB  4  IN  (64  BY  10), 
STARTING  AT  (64,30,0)  FACING  (190)  FLOOR  SLAB  4  IN  (98  BY  30)) 
CONTROLS  »  ADMIN  H  ONLY ) 

PEOPLE  =  3, AOMIN  OFFICE  OCCUPANCY) 

LIGHTS  *  6,26, AOMIN  LIGHTS) 

END  ZONE) 

ENO  BUILDING  DESCRIPTION) 

BEGIN  FAN  SYSTEM  DESCRIPTION) 

MULT  I  ZONE  SYSTEM  l  "MAIN"  SERVING  ZONE  1 , 2 , 3, 4 , 5, 6, T ) 

FOR  ZONE  11 

SUPPLY  AIR  VOLUME  =  3000) 


END) 

FOR  ZONE  2) 

SUPPLY  AIR  VOLUME  *  1975 » 
END) 

for  zone  3i 

SUPPLY  AIR  VOLUME  =555) 
ENO) 

FOR  ZONE  4 1 

SUPPLY  AIR  VOLUME  *  2405) 
T  NO  I 
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i* 


301 

102 

303 

JOu 

JOS 

306 

J07 

306 
300 

310 

311 

312 

313 
31U 

315 

316 

317 

318 
310 

320 

321 

322 

323 
320 

325 
32b 
327 

326 
320 
130 

331 

332 

333 
3  30 

335 
Sib 
337 

336 
310 
300 
JO) 
J02 
303 
300 
305 
106 

307 

308 
300 

350 

351 

352 

353 
350 

355 
35b 
357 

356 
350 

X6ft 


FUR  20l.lt  5 1 

SUPPLY  AIR  VOLUME  a  27351 
f  no; 

FUK  7 f i N E  6 1 

SUPPLY  AIR  VOLUME  =  6l5t 
Ends 

F  00  ZllNt  7  s 

SUPPLY  AIR  VOLUME  a  30001 
tNDl 

other  System  parameters! 

SUPPLY  FAN  EFFICIENCY  a  .6610} 

HOT  DECK  CONTROL  a  OUTSIDE  AIR  CONTROl.LFUl 

mot  deck  CONTROL  SCHEDULE  a  (200  AT  5,80  AT  70)1 

COLD  DECK  TEMPERATURE  a  561 

COLO  DECK  THROTTLING  RANGE  a  )bl 

MIXED  AIR  CONTROL  =  ENTHALPY  ECONOMY  CYCLE! 

DESIRED  MIXED  AIR  TEMPERATURE  a  55! 

ENOl 

EQUIPMENT  SCHEOULESl 

HEATING  COIL  OPERATION  a  CUNT INUOUS, 78  MAXIMUM  TEMPERATURE, 
»aOO  MINIMUM  TEMPERATURE! 

COOLING  COIL  OPERATION  a  OFF, 58  MINIMUM  TEMPERATURE) 

MINIMUM  VENTILATION  SCHEDULE  =  OA  VENT) 

ENU  J 

END  SYSlEMI 

UNIT  VENTILATOR  SYSTEM  101  "UNIT  HEATER"  SERVING  ZONE  101) 

FOR  ZONE  101 

SUPPLY  AIR  VOLUME  =  500) 

REHEAT  CAPACITY  a  50000; 

End; 

EQUIPMENT  SCHEDULES 

SYSTEM  OPERATION  a  INTERMITTENT) 

HEATING  COIL  OPERATION  a  CONT INUOUS , 78  MAXIMUM  TEMPERATURE! 
ENnl 

OTHER  SYSTEM  PARAMETERS 

mixed  AIR  CONTROL  a  FIXED  AMOUNT! 

UUT9IDE  AIR  VOLUME  a  0,1 

HOT  DECK  CONTROL  a  OUTSIDE  AIR  CONTROLLED! 

NOT  OECK  CONTROL  SCHEDULE  a  (200  AT  5,80  AT  TO)! 

END! 

END  SYSTEM) 

UNIT  VENTILATOR  SYSTEM  102  "UNIT  HEATER"  SERVING  ZONE  102) 

for  zone  102 

3UPPLY  AIR  VOLUME  a  500) 

REHEAT  CAPACITY  a  50000) 

tNU  I 

EQUIPMENT  SCHEDULES 
SY5TCM  OPERATION  a  INTERMITTENT; 

HEA1ING  COIL  OPERATION  a  CON T 1 NUIUIS , 78  MAXIMUM  TEMPERATURE! 
END! 

OTHER  SYSTEM  PARAMETERS 

MIXED  AIR  CONTROL  a  FIXED  AMOUNT! 

OUTSIDE  AIR  VOLUME  s  0.; 

HOT  OECK  CONTROL  a  OUTSIDE  AIR  CONTROLLED! 

HOT  OECK  CONTROL  SCHEDULE  a  (200  AT  5,80  AT  TO)! 

END! 

END  SYSTEM! 

SINGLE  ZONE  PRAH  THRU  SYSTEM  1000  "DASE'UnT"  SERVING  ZONE  10001 
FOR  /ONE  1000 

V  A!W  VO|  U'Af  - 
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362  EQUIPMENT  SCHEDULE S 

36  3  SYSTEM  OPERA I  ION  s  INTERMITTENT  .78  MAXIMUM  TEMPERATURE. 

366  -300  MINIMUM  TEMPERATURE! 

365  HEATING  COIL  OPERATION  s  CONT  INUI'US,  78  MAXIMUM  TEMPERATURE t 

366  COOLING  COIL  UPERAT ION  »  OFF! 

36!  MINIMUM  VENTILATION  SCHEDULE  a  CONTINUOUS! 

368  END! 

369  CITHER  SYSTEM  PARAMETERS 

370  MJXF.D  AIR  CONTROL  a  FIXED  AMOUNT! 

3T 1  OUTSIDE  AIR  VOLUME  a  112001 

372  SUPPLY  FAN  EFFICIENCY  a  .8191 

373  END! 

37<l  END  SYSTEM! 

375  END  fAN  SYSTEM  DESCRIPTION! 

376  BEGIN  CENTRAL  PLANT  DESCRIPTION! 

377  END  INPUT! 


APPENDIX  C: 


STATISTICAL  FORMULAS 


X-Y 

%  Difference  =  -y 

DIFFAVE  =  PERAVE  =  DABSAVE  =  yj- 

nTrn/»n  NED2  -  (ED)2  prrvAn  -  ^P  ”  (^P)  DARCVAP  -  ^  r~ ^-r- 

DiFFVAR  *  N  tH_\)  ‘  -  PERVAR  - N  (N_i)  DABSVAR  n  (N-l) 


DIFFSTD  =  DIFFVAR  PERSTD  =  PERVAR  DABBSTD  =  DABSVAR 


where:  X  =  measured 

Y  =  predicted 

D  =  X-Y 

N  =  number  of  observations 

P  =  D  divided  by  X  times  100 
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CERL  DISTRIBUI ION 


Chief  of  Engineers 
ATTN-.  Tech  Monitor 
ATTN:  OAEN-ASt-l  (2) 

ATTN:  DAEN-CCP 
ATTN:  DAEN-CW 
ATTN:  DAE N -CHE 
ATTN:  QAEN-CWM-R 
ATTN:  OAEN-CUO 
ATTN:  DAEN-CHP 
ATTN:  DAEN-MP 
ATTN:  OAEN-MPC 
ATTN:  DAEN-MPE 
ATTN:  OAEN-MPO 
ATTN:  OAEN-MPR-A 
ATTN:  DAEN-RD 
ATTN:  OAEN-ROC 
ATTN:  DAE N- ROM 
ATTN:  OAEN-RM 
ATTN:  DAEN-ZC 
ATTN:  DAEN-ZCE 
ATTN:  DAEN-ZC I 
ATTN  DACN-ZCM 

US  Army  Engineer  Districts 
ATTN:  Library 
Alaska 
A1  Batin 
Albuquerque 
Bal timore 
Buffalo 
Charleston 
Chicago 
Detroit 
Far  East 
Fort  Worth 
Galveston 
Huntington 
Jacksonville 
Japan 

Kansas  City 

Little  Rock 

Los  Angeles 

Louisville 

Memphis 

Mobile 

Nashville 

New  Orleans 

New  York 

Norfolk 

Omaha 

Philadelphia 

Pittsburgh 

Portland 

Riyadh 

Rock  Island 

Sacramento 

San  Francisco 

Savannah 

Seattle 

St.  Louis 

St.  Paul 

Tulsa 

Vicksburg 

walla  Wal la 

Wilmington 

US  Army  Engineer  Divisions 
ATTN:  Library 
Europe 
Huntsville 

Lower  Mississippi  Valley 
Middle  East 
Middle  East  (Rear) 

Missouri  River 
New  England 
North  Atlantic 
North  Central 
North  Pacific 
Ohio  River 
Pacific  Ocean 
South  Atlantic 
South  Pacific 
Southwestern 

Waterways  Experiment  Station 
ATTN:  Library 

Cold  Regions  Research  Engineering  Lab 
ATTN:  Library 

US  Government  Printing  Office 
Receiving  Sect ion/Oeposf tory  Copies  (?) 

Offense  Technical  Information  Center 
ATTN:  DOA  (12) 

Engineering  Societies  Library 
New  York .  NY 

FESA.  ATTN:  Library 
ETL ,  ATTN:  library 


Engr.  Studies  Center,  ATTN:  library 

Inst,  for  Water  Res.,  ATTN:  Library 

SHAPE 

ATTN:  Survivability  Section,  CCB-OPS 
Infrastructure  Branch,  l.AMDA 

HO  USEUCOM 

ATTN:  ECJ  4/7-LOE 

Army  Instl .  and  Major  Activities  (CONUS) 

DARCOM  -  Dir.,  Inst..  A  Svcs. 

ATTN:  Facilities  Engineer 
ARRADCOM 

Aberdeen  Proving  Ground 

Army  Matls.  and  Mechanics  Res.  Ctr. 

Corpus  Chrlsti  Army  Depot 

Harry  Oiamond  Laboratories 

Dugway  Proving  Ground 

Jefferson  Proving  Ground 

Fort  Monmouth 

letterkenny  Army  Oepot 

Natick  Research  and  Oev.  Ctr. 

New  Cumberland  Army  Depot 
Pueblo  Army  Oepot 
Red  River  Army  Depot 
Redstone  Arsenal 
Rock  Island  Arsenal 
Savanna  Army  Depot 
Sharpe  Army  Depot 
Seneca  Army  Depot 
Tobyhanna  Army  Depot 
Tooele  Army  Depot 
Watervliet  Arsenal 
Yuma  Proving  Ground 
White  Sands  Missile  Range 

FORSCOM 

FORSCOM  Engineer,  ATTN:  AFEN-FE 

ATTN:  Facilities  Engineers 
Fort  Buchanan 
fort  Bragg 
Fort  Campbell 
Fort  Carson 
Fort  Devens 
Fort  Drum 
Fort  Hood 

Fort  Indiantown  Gap 

Fort  Irwin 

Fort  Sam  Houston 

Fort  Lewis 

Fort  McCoy 

Fort  McPherson 

Fort  George  G.  Meade 

Fort  Ord 

Fort  Polk 

Fort  Richardson 

Fort  Riley 

Presidio  of  San  Francisco 
Fort  Sheridan 
Fort  Stewart 
Fort  Walnwright 
Vancouver  Gks. 

TRADOC 

HQ,  TRADOC,  ATTN:  ATEN-FE 

ATTN:  Facilities  Engineer 
Fort  Belvoir 
Fort  Bennlng 
Fort  B1  i  ss 
Carlisle  Barracks 
Fort  Chaffee 
Fort  Oix 
Fort  Eustis 
Fort  Gordon 
Fort  Hamilton 
Fort  Benjamin  Harrison 
Fort  Jackson 
Fort  Knox 
Fort  Leavenworth 
Fort  Lee 
Fort  McClellan 
Fort  Monroe 
Fort  Rucker 
Fort  Sill 
Fort  Leonard  Wood 

1NSC0M  -  Ch,  Instl .  Div. 

ATTN:  Facilities  Engineer 
Vint  Hill  Farms  Station 
Arlington  Hall  Station 

WESTCOM 

ATTN:  Facilities  Engineer 
Fort  Shafter 

MOW 

ATTN:  Facilities  Engineer 
Cameron  Station 
Fort  Lesley  J.  McNair 
Fort  Myer 


HSC 

HQ  USAHSC. .  AT  IN :  HSlO-T 
ATTN:  Facilities  Engineer 

Fitzsimons  Army  Medital  Center 
Walter  Reed  Army  Medical  (enter 

USACC 

ATTN:  Facilities  (nqinerr 
Fort  Huaf  hue  a 
Fort  Ritrhir 

MTMC 

HQ,  ATTN:  MTML-SA 
ATTN:  facilities  I nq inner 
Oakland  Army  Base 
Bayonne  MOT 
Sunny  Point  MOT 

US  Military  Academy 
ATTN:  Facilities  fmjirreer 
ATTN:  Dept  of  Geography  A 
Computer  Science 
A1TN:  DSLHR/MAfh-A 

IJSAES,  Fort  Rclvoir,  VA 
ATTN:  AT7A-DU-IK 
ATTN:  AT/A-DTf-Sw 
ATTN:  ATZA-FI 
ATTN :  Enqr  .  1 ibrary 

Chief  Inst.  Div..  I A  SA  .  Ro<  k  Island, 

USA  ARRCOM,  ATTN:  [Mr..  Instl  {  Svc 
TARCOM,  Fac.  Div. 

TECOM,  ATTN:  T)R‘  T{  IG-f 
TSARCOM.  ATTN.  MSAS-F 
NARAD  COM,  ATTN:  DRONA-F 
AMMRC .  ATTN:  DRXMR-WF 

HQ,  XV  111  Airhorm  Corps  .inr 
ft.  Bragg 
ATTN:  AFZA-H-U 

HQ,  Y t h  Army  Training  f  rum-inn 
ATTN-  AETTr.-Df H  I4*) 

HQ  U SARI  UR  and  / th  Army 

QDCS/Enginrer 

ATTN:  AfAfh-lh  |4) 

V  Corps 

ATTN:  AETVDEH  (S) 

VII  Corps 

ATTN:  AETSOEH  (M 

21st  Support  Command 
ATTN:  AEREH  IS) 

US  Army  Berlin 
ATTN:  AfBA-EN  (?) 

US  Army  Southern  European  Task  fnru 
ATTN:  AESE-ENf.  (S) 

US  Army  Installation  Support  Activity 
Europe 

ATTN:  AEUES-RP 

8th  USA,  Korea 
ATTN:  EAFE 
Cdr,  Fac  tnqr  Act  (8) 

AFE,  Yongsan  Area 
AFE,  2D  Inf  Div 
AFE.  Area  It  Spt  Oct 
AFE ,  Cp  Humphreys 
AFE,  Pusan 
AFE ,  Taegu 

DLA  ATTN:  DLA-WI 

USA  Japan  (USARJ) 

Ch,  FE  Div,  AJEN-FE 
Fac  Engr  (Honshu) 

Fac  Engr  (Okinawa) 

ROK/US  Combined  Forces  Command 
ATTN:  EUSA-HHC-CFC/Enqr 

416th  Engineer  Command 
ATTN:  Facilities  Engineering 

Norton  AFB 
ATTN:  AFRCE-MX/DEE 

Port  Hueneme,  CA  RJ043 
ATTN:  Library  (Code  10BA) 

AFESC/Engineering  A  Service  Lab 
Tyndall  AFB,  FL  32403 

Chanute  AF8,  R  6186* 

334S  CES/OE,  Stop  27 

National  Guard  Bureau 
Installation  Division 
WASH  DC  20310 
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EHE  Team  Distribution 


Fort  Bel  voir,  VA  22060 
ATTN:  ORDME-G 
ATTN:  FESA-TSO 

ATTN:  Canadian  Liaison  Officer  (2) 

Fort  Leavenworth,  KS  66027 
ATTN:  ATZLCA-SA 

USA  ARRAOCOM 
ATTN:  ORDAR-LCM-SP 

US  Army  Engineer  Oistricts 
ATTN:  Chief,  Engineer  Oivision 

US  Army  Engineer  Divisions 
ATTN:  Chief,  Engineer  Division 

Naval  Facilities  Engineering  Command 

ATTN:  Code  032E 

ATTN:  Code  1023 

ATTN:  Code  11130 

ATTN:  Code  044 

Naval  Civil  Engineering  Laboratory 
ATTN:  Code  L03AE 
ATTN:  Code  L08A 
ATTN:  Code  L60 

Alexandria,  VA  22314 
ATTN:  DLA-U 
ATTN:  DRCIS 

Army-Air  Force  Exchange  Service 
ATTN:  Chief,  Engineering  Oiv 

Andrews  AFB ,  WASH  OC  20331 
ATTN:  AF SC-DEE 

McClellan  AFB,  CA  95652 
2852  APG/OE 

Patrick  AFB.  FL  32925 
ATTN:  XRQ 

Tyndall  AFB,  FL  32403 
ATTN:  RD 

Wright-Patterson  AFB,  OH  45433 
ATTN:  POE 

Washington,  OC 
DCNO  (Logistics) 

ODAS  (EE4S) 

ODAS  ( I AH) 

HQDA  (DALO-TSE-F)  (3) 

Office  of  Planning  4  Oev,  OFEPM 
Director,  Bldg  Technology  4  Safety  Oiv 
Public  Building  Service 

Assistant  Sec  for  Conservation  4  Solar  Energy 
Assistant  Sec  for  Resource  Applications 
National  Institute  of  Building  Sciences 
Director,  Center  for  Building  Technology 
Energy  Research  and  Development  Foundation 

Department  of  Energy 
Oak  Ridge,  TN  37830 


92 


r 


v 


Herron,  Dele 

Comparison  of  Sul  1  ding  Loads  Analysis  and  System  Thermodynamics 
(BLAST)  computer  program  simulations  and  measured  energy  use  for 
Army  buildings  (BLAST  validation).  —  Chanpaign,  IL  :  Construction 
Engineering  Research  Laboratory  ;  Springfield,- VA  :  available  from 
NT1S,  1981. 

52  p.  (Technical  report  ;  E-174) 

1.  Bui Idings-energy  consumption.  2.  BLAST  (computer  program). 
1.  Title.  II.  Series:  U.  S.  Army.  Construction  Engineering  Re¬ 
search  Laboratory.  Technical  report  ;  E-174. 
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